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FIG.4A




U.S. Patent Oct. 9, 2018 Sheet 5 of 17 US 10,093,312 B2

D2
e F ..;
| 10 !
| |
| !
| I
f 1 =
i !
i |
mmmmmmmmmmmmmmmmmmm .1

} i

| i

21 I l 21 G




U.S. Patent Oct. 9, 2018 Sheet 6 of 17 US 10,093,312 B2

o T
PR S
o : hat
- i -~
_ - e, Jais
- E e -~ .,n""ﬂ‘ * *an, -
- H Sy d ” - b
r i e 7 ” .r"ﬂ o ~
- i N, o - - b

P | y P ) - >
- i - - - o o

e - -~ " e
o s i
™ i

!
N\
\

21




U.S. Patent Oct. 9, 2018 Sheet 7 of 17 US 10,093,312 B2

FIG.8

OPTICAL DISTANCE
MEASURING DEVICE

11 12 13 16
LIGHT
EMITTING
PORTION

15

LIGHT
RECEIVING
PORTION
INCLINATION
DETECTING
PORTION

DRIVE

CONTROL
PORTION

MEASURE
-MENT
OBJECT

14

DISTANCE
CALCULATING
PORTION

OPTICAL
MECHANISM
PORTION

OBSTACLE
DETERMINING
PORTION



U.S. Patent Oct. 9, 2018 Sheet 8 of 17 US 10,093,312 B2

FIG.9

o
—
@ N
-
pron
o
f )
i
L
i
@ '
EL
i/* ‘-\!
-l-f \-I-
-l-fI l\--I
-i-jl xi
_J"
4
/
e e e e e
/
|
!/
/ |
i
|
|
i
;
I
|
i
i
i
|
|
]
I
I
l
I
i
G



U.S. Patent Oct. 9, 2018 Sheet 9 of 17 US 10,093,312 B2

FIG.11B




U.S. Patent Oct. 9, 2018 Sheet 10 of 17 US 10,093,312 B2

FIG.12A

FIG.12B




US 10,093,312 B2

Sheet 11 of 17

Oct. 9, 2018

VEL Ol

U.S. Patent




U.S. Patent Oct. 9, 2018 Sheet 12 of 17 US 10,093,312 B2

FIG.13B

L L] L v mmmmmmﬂ

—
L P



U.S. Patent Oct. 9, 2018 Sheet 13 of 17 US 10,093,312 B2

|
I ;
‘ :
E 2 20 i
I ;
E :

FIG.10A




US 10,093,312 B2

I--_llu_l_l..lll._

e e AT CMAL WALl TR 1
[ ]

P

|
|
|
]
!
l
!
L
il
™
<
|
- w N
o ~—
b~ | [N 2
> T T )
= M “
hU w o [ L 1
ﬂ B QO N
Qs M; M
= L) LO X
~y— — w
s ;
I
| - m
\ _
O S L
ﬂ )
oo el | O
- v .
= LL & LL | .
|
=X o e N A NG&! -1
4[... u.___...l
l
- w
e |
()~ | O
{
!
l
!
!
_
!
!

U.S. Patent

Hppry ey b mA

....::..Il.-tt.tii:ili.-..!lr:lqi_-



US 10,093,312 B2

Sheet 15 of 17

Oct. 9, 2018

U.S. Patent

FIG.16

-

FIG.17A

.1...
N



U.S. Patent Oct. 9, 2018 Sheet 16 of 17 US 10,093,312 B2

FIG.1/B

G
FIG.17C
2 y 10 g—/ = D125
P OO N
18-.. - |
o i i
" @ @ k/ﬂ\\\.__ i,
\L' = S XA



U.S. Patent Oct. 9, 2018 Sheet 17 of 17 US 10,093,312 B2

FIG.18




US 10,093,312 B2

1

OBSTACLE DETERMINING APPARATUS,
MOVING BODY, AND OBSTACLE
DETERMINING METHOD

CROSS-NOTING PARAGRAPH

This non-provisional application claims priorities under
35 U.S.C. § 119(a) on Patent Applications No. 2015-147358

filed in JAPAN on Jul. 27, 2015 and No. 2015-183415 filed
in JAPAN on Sep. 18, 2015, the entire contents of which are
hereby incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to an obstacle determining

apparatus, a moving body, and an obstacle determining
method.

BACKGROUND OF THE INVENTION

An autonomous traveling apparatus (also referred to as an
automatic traveling apparatus) that determines 1ts own
operation by using sensor information and acts autono-
mously has been developed. For example, an optical dis-
tance measuring device (distance measuring sensor) 1s able
to measure a distance to an object present in a measurement
range and obtain a one-dimensional or two-dimensional
distance data map, and 1s thus used as a safety device which
1s used for the autonomous traveling apparatus to detect and
avold an obstacle.

As to a configuration for detecting an obstacle by a
moving body like the autonomous traveling apparatus, for
example, Japanese Laid-Open Patent Publication No. 2013-
254474 discloses an obstacle detecting apparatus including
a depth sensor, a depression angle estimating portion which
estimates a depression angle of the depth sensor based on a
distance 1mage obtained from the depth sensor, and a detect-
ing portion which detects an obstacle present on a road
surface based on the depression angle, a height of the depth
sensor, and a distance of the distance 1image. Even when the
depression angle varies due to shaking of the depth sensor
during traveling of a moving body, the obstacle detecting
apparatus 1s able to detect the obstacle on the road surface
on which the moving body travels.

Moreover, Japanese Laid-Open Patent Publication No.
2015-106254 discloses an autonomous moving body aiming
to accurately detect a level difference even in a state where
the autonomous moving body 1s inclined. This autonomous
moving body includes a driving unit, a plurality of distance
measuring units installed so as to face a road surface and
configured to measure a distance to the road surface, a
control unit configured to compare the distance measured by
the distance measuring units with a threshold and to control
the driving unit, an inclination angle detecting unit config-
ured to detect an inclination angle of a main body of the
moving body, and a correction unit configured to correct at
least one of the distance measured by each distance mea-
suring unit and the threshold depending on the inclination
angle of the main body of the moving body detected by the
inclination angle detecting unit.

With a configuration in which an obstacle 1s detected by
using a distance measuring device, 1t 1s possible to measure
a distance to an object by the distance measuring device, but
when a ground i1s included 1n a measurement range (mea-
surement space region) by the distance measuring device, it
1s diflicult to detect the ground and an obstacle to be detected
while distinguishing them.
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Even when setting 1s performed so that the measurement
space region does not include the ground 1n order to solve

such a problem, the ground appears in the measurement
space region when a vehicle body and the distance measur-
ing device shake or at a position where concave and convex
on the ground exist or inclination of the ground changes,
resulting that i1t 1s difficult to detect the ground and the
obstacle to be detected while distinguishing them. Such a
moving body including an obstacle determining apparatus
detects the ground as an obstacle even when there 1s no
object to be an obstacle for traveling and needs to perform
control to stop or slow down for safety, so that usability 1s
lowered.

Moreover, 1n order to detect the ground and the obstacle
while distinguishing them when setting 1s performed so that
the measurement space region includes the ground, 1t 1s
necessary to discriminate whether a measurement point 1s
the ground, for example, based on a relative angle between
the distance measuring device and the ground and a mea-
sured distance. However, even with such a method, the
relative angle between the distance measuring device and
the ground varies when the vehicle body and the distance
measuring device shake or at a position where inclination of
the ground changes, so that 1t 1s diflicult to perform accurate
discrimination.

As a configuration for detecting the ground and the
obstacle while distinguishing them, it 1s considered to apply
data processing to output data of the distance measuring
device and correctly recognize the ground as an object
different from the obstacle. In this case, however, load of the
data processing increases. Further, when shaking due to an
impact or a change in the inclination of the ground 1is
corrected by the data processing, algorithm becomes more
complicated and the load of the data processing further
increases. Thus, a high-performance and high-cost process-
ing system 1s required to perform the data processing with a
large load.

With a technique described 1n Japanese Laid-Open Patent
Publication No. 2013-254474, 1n order to detect the obstacle
on the road surface even when the depression angle at which
the depth sensor shakes varies while the moving body
travels, the relative angle between the ground and the sensor
1s estimated by data processing, whereas considerable arith-
metic processing needs to be performed based on compli-
cated algorithm for the estimation and a high-performance
processing device 1s needed.

A technique described 1n Japanese Laid-Open Patent
Publication No. 2015-106254 1s a techmque by which the
distance to the road surface 1s measured to detect concave
and convex on the ground by the distance measuring unit,
but an obstacle such as another moving body that 1s 1n front
of the moving body 1s diflicult to be detected.

SUMMARY OF THE INVENTION

The mvention has been made in view of such circum-
stances, and an object thereof 1s to prevent, even when
shaking due to an impact 1s generated or when there 1s
concave and convex of a ground or a change 1n inclination
of the ground, the ground from being erroneously deter-
mined as an obstacle, with a simple configuration and simple
algorithm 1n an obstacle determining apparatus including a
distance measuring device.

In order to solve the alorementioned problems, first
technical means of the invention 1s an obstacle determining,
apparatus including a distance measuring device which
measures a distance to a measurement object, and an
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obstacle determining portion which determines presence/
absence of an obstacle in a measurement space region 1n
front of the distance measuring device based on a measure-
ment result of the distance by the distance measuring device,
in which the measurement space region 1s defined so that a
position of a bottom surface of the measurement space
region changes stepwisely or continuously according to a
depth 1n a forward direction and/or a width direction of the
measurement space region.

According to second technical means, in the first technical
means, the measurement space region 1s defined so that a
position ol an upper surface of the measurement space
region has a constant height regardless of the depth.

According to third technical means, in the first technical
means, only when detecting the obstacle of a predetermined
shape that includes at least a part of the bottom surface of the
measurement space region defined 1n advance and indicates
a ground, the obstacle determiming portion changes defini-
tion of the measurement space region so that the position of
the bottom surface becomes higher stepwisely or continu-
ously.

According to fourth technical means, 1n the first technical
means, the measurement space region 1s defined so that a
position of an upper surface of the measurement space
region becomes higher stepwisely or continuously as the
depth increases.

According to fitth technical means, in the fourth technical
means, only when detecting the obstacle of a predetermined
shape that includes at least a part of the bottom surface of the
measurement space region defined 1n advance and indicates
a ground, the obstacle determiming portion changes defini-
tion of the measurement space region so that the positions of
the bottom surface and the upper surface become higher
stepwisely or continuously.

According to sixth technical means, in the first technical
means, an inclination detecting portion which detects 1ncli-
nation of the distance measuring device 1s further included,
in which when a detection result of the inclination detecting
portion indicates that the inclination of the distance mea-
suring device 1s changed to a pitch direction and/or a roll
direction, the measurement space region 1s changed so that
the position of the bottom surface of the measurement space
region changes stepwisely or continuously according to the
depth 1n the forward direction and/or the width direction of
the measurement space region.

According to seventh technical means, 1n the sixth tech-
nical means, when 1t 1s indicated that the inclination of the
distance measuring device has no change to a direction
causing the change of the position of the bottom surface, the
measurement space region 1s changed so that the change of
the position of the bottom surface according to the depth in
the forward direction and/or the width direction of the
measurement space region 1s returned to an original state.

According to eighth technical means, 1n the sixth techni-
cal means, when the detection result of the inclination
detecting portion indicates that the inclination of the dis-
tance measuring device 1s changed to a forward inclination
direction, the measurement space region 1s changed so that
the position of the bottom surface becomes higher step-
wisely or continuously according to the depth 1n the forward
direction of the measurement space region.

According to ninth technical means, 1n the sixth technical
means, when the detection result of the inclination detecting,
portion indicates that the inclination of the distance mea-
suring device 1s changed to a backward inclination direction,
the measurement space region 1s changed so that the position
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ol the bottom surface becomes lower stepwisely or continu-
ously according to the depth in the forward direction of the
measurement space region.

According to tenth technical means, in the sixth technical
means, when the detection result of the inclination detecting
portion indicates that the inclination of the distance mea-
suring device 1s changed to a forward inclination direction,
the measurement space region 1s changed so that the position
of the bottom surface becomes lower stepwisely or continu-
ously according to the depth in the forward direction of the
measurement space region.

According to eleventh technical means, in the seventh
technical means, when the detection result of the inclination
detecting portion indicates that the inclination of the dis-
tance measuring device 1s changed to a forward inclination
direction, the position of the bottom surface of the measure-
ment space region 1s maintained for a fixed time period.

According to twelfth technical means, in the sixth tech-
nical means, when the detection result of the inclination
detecting portion indicates that the inclination of the dis-
tance measuring device 1s changed to a backward inclination
direction, the measurement space region 1s changed so that
the position of the bottom surface becomes higher step-
wisely or continuously according to the depth 1n the forward
direction of the measurement space region.

According to thirteenth technical means, i the seventh
technical means, when the detection result of the inclination
detecting portion indicates that the inclination of the dis-
tance measuring device 1s changed to a backward inclination
direction, the position of the bottom surface of the measure-
ment space region 1s maintained for a fixed time period.

According to fourteenth technical means, 1n the sixth
technical means, when the detection result of the inclination
detecting portion indicates that the inclination of the dis-
tance measuring device 1s changed to a leit roll direction or
a right roll direction, the measurement space region 1s
changed so that the position of the bottom surface of the
measurement space region becomes higher stepwisely or
continuously according to a depth in a left direction or a
right direction of the measurement space region.

According to fifteenth technical means, 1n the sixth tech-
nical means, as a degree of the change of the inclination
indicated by the detection result of the inclination detecting
portion 1s greater, a degree of changing the position of the
bottom surface stepwisely or continuously 1s set to be great.

According to sixteenth technical means, 1n the first tech-
nical means, a position detecting device which detects a
position of the distance measuring device and a map nfor-
mation holding portion are further included, in which the
measurement space region 1s changed so that the position of
the bottom surface of the measurement space region changes
stepwisely or continuously according to the depth in the
torward direction and/or the width direction of the measure-
ment space region based on current position information of
the distance measuring device.

Seventeenth technical means 1s a moving body including
the obstacle determining apparatus according to the first
technical means, a driving portion, and a drive control
portion which controls the driving portion, in which the
measurement space region has a first region provided in at
least an upper part on a near side 1n the measurement space
region and a second region which 1s another region, and the
drive control portion controls the driving portion to stop the
moving body when 1t 1s determined that there 1s an obstacle
in the first region, and controls the driving portion to slow
down the moving body when 1t 1s determined that there 1s an
obstacle 1n the second region.
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Eighteenth technical means 1s a moving body including
the obstacle determining apparatus according to the sixth
technical means, a driving portion, and a drive control
portion which controls the driving portion, in which the
measurement space region has a first region provided 1n at
least an upper part on a near side in the measurement space
region and a second region which 1s another region, and the
drive control portion controls the driving portion to stop the
moving body when 1t 1s determined that there 1s an obstacle
in the first region, and controls the driving portion to slow
down the moving body when 1t 1s determined that there 1s an
obstacle 1n the second region.

Nineteenth technical means 1s an obstacle determining
method having an obstacle determining step of determining,
presence/absence ol an obstacle in a measurement space
region 1n front of a distance measuring device which mea-
sures a distance to a measurement object, based on a
measurement result of the distance from the distance mea-
suring device, in which the measurement space region 1s
defined so that a position of a bottom surface of the
measurement space region changes stepwisely or continu-
ously according to a depth in a forward direction and/or a
width direction of the measurement space region.

According to twentieth technical means, in the nineteenth
technical means, an inclination detecting step of detecting,
inclination of the distance measuring device 1s further
included, 1n which when a detection result at the inclination
detecting step indicates that the inclination of the distance
measuring device 1s changed to a forward inclination direc-
tion and/or a roll direction, the measurement space region 1s
changed so that the position of the bottom surface of the
measurement space region changes stepwisely or continu-
ously according to the depth 1n the forward direction and/or
the width direction of the measurement space region.

Advantageous Elflects of Invention

According to the invention, in an obstacle determining
apparatus including a distance measuring device, without a
complicated configuration or algorithm, simple algorithm
makes 1t possible to prevent a ground from being errone-
ously detected as an obstacle even when shaking due to an

impact 1s generated or when there 1s concave and convex of

the ground or a change in inclination of the ground, by

the distance measuring device so that the ground 1s dithcult
0 be detected.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustrating one configuration
example of an obstacle determining apparatus according to
a first embodiment of the invention;

FIG. 2 1s an external view 1llustrating one configuration
example of a moving body including the obstacle determin-
ing apparatus of FIG. 1;

FIG. 3A 1s a cross-sectional view taken along an advanc-
ing direction for illustrating an example of a conventional
measurement space region of the moving body provided
with the obstacle determining apparatus;

FIG. 3B 1s a schematic view 1llustrating an example in
which the measurement space region of FIG. 3A changes
due to a topographic change;

FIG. 3C 1s a cross-sectional view of a plane of the
measurement space region of FIG. 3A, which 1s vertical to
the advancing direction;

defining or changing a measurement space region in front of
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FIG. 3D 1s a cross-sectional view of a plane of the
measurement space region of FIG. 3B, which 1s vertical to
the advancing direction;

FIG. 4A 1s a cross-sectional view taken along an advanc-
ing direction for illustrating an example of a measurement
space region of the moving body provided with the obstacle
determining apparatus of FIG. 1;

FIG. 4B 1s a schematic view 1llustrating an example 1n
which the measurement space region of FIG. 4A changes
due to a topographic change;

FIG. 4C 1s a schematic view 1llustrating another example
in which the measurement space region of FIG. 4A changes
due to a topographic change;

FIG. 5A 1s a cross-sectional view of a plane vertical to an
advancing direction for illustrating an example of a mea-
surement space region of a moving body provided with an
obstacle determiming apparatus according to a second
embodiment of the invention;

FIG. 5B 1s a schematic view 1llustrating an example 1n
which the measurement space region of FIG. 5A changes
due to a topographic change;

FIG. 6 15 a perspective view 1llustrating an example of a
measurement space region of a moving body provided with
an obstacle determining apparatus according to a third
embodiment of the invention;

FIG. 7A 1s a cross-sectional view of a plane vertical to an
advancing direction for illustrating an example of a mea-
surement space region of a moving body provided with an
obstacle determining apparatus according to a fourth
embodiment of the invention;

FIG. 7B 1s a cross-sectional view of a plane vertical to an
advancing direction for illustrating an example ol a mea-
surement space region of a moving body provided with an
obstacle determining apparatus according to a sixth embodi-
ment of the invention;

FIG. 8 1s a block diagram illustrating one configuration
example of an obstacle determining apparatus according to
a seventh embodiment of the invention;

FIG. 9 1s an external view illustrating one configuration
example of a moving body provided with the obstacle
determining apparatus of FIG. 8;

FIG. 10 1s a cross-sectional view taken along an advanc-
ing direction for illustrating an example of a measurement
space region of the moving body of FIG. 9 1 a normal state;

FIG. 11A 1s a schematic view 1llustrating an example 1n
which the measurement space region of FIG. 10 changes due
to a topographic change in the moving body of FIG. 9;

FIG. 11B 1s a schematic view illustrating another example
in which the measurement space region of FIG. 10 changes
due to a topographic change 1n the moving body of FIG. 9;

FIG. 12A 1s a schematic view illustrating an example 1n
which the measurement space region of FIG. 10 changes due
to a topographic change 1n a moving body provided with an
obstacle determining apparatus according to an eighth
embodiment of the invention;

FIG. 12B 1s a schematic view illustrating another example
in which the measurement space region of FIG. 10 changes
due to a topographic change 1n the moving body provided
with the obstacle determining apparatus according to the
cighth embodiment of the invention;

FIG. 13A 1s a schematic view illustrating an example 1n
which the measurement space region of FIG. 10 changes due
to entering a downhill and returns to 1ts original state in a
moving body provided with an obstacle determining appa-
ratus according to a mnth embodiment of the invention;

FIG. 13B 1s a schematic view illustrating an example 1n
which the measurement space region of FIG. 10 changes due
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to entering an uphill and returns to its original state in the
moving body provided with the obstacle determining appa-
ratus according to the ninth embodiment of the invention;

FIG. 14 1s a cross-sectional view of a plane vertical to an
advancing direction for illustrating an example of a mea-
surement space region of a moving body provided with an
obstacle determining apparatus according to a tenth embodi-
ment of the 1invention;

FIG. 15A 1s a schematic view 1llustrating an example in
which the measurement space region of FIG. 14 changes due
to a topographic change;

FIG. 15B 1s a schematic view 1llustrating another example
in which the measurement space region of FIG. 14 changes
due to a topographic change;

FIG. 15C 1s a schematic view 1llustrating another example
in which the measurement space region of FIG. 14 changes
due to a topographic change;

FIG. 16 1s a schematic view 1llustrating another example
in which the measurement space region of FIG. 14 changes
due to a topographic change;

FIG. 17A 1s a cross-sectional view of a plane vertical to
an advancing direction for illustrating an example of a
measurement space region of a moving body provided with
an obstacle determining apparatus according to an eleventh
embodiment of the invention;

FIG. 17B 1s a cross-sectional view of a plane vertical to
an advancing direction for illustrating another example of a
measurement space region of the moving body provided
with the obstacle determining apparatus according to the
eleventh embodiment of the invention:

FIG. 17C 1s a schematic view 1llustrating an example in
which the measurement space region of FIG. 17A changes
due to a topographic change; and

FIG. 18 1s a schematic view 1llustrating an example in
which the measurement space region of FI1G. 10 changes due
to entering an uphill 1n a moving body including an obstacle
determining apparatus according to a twelith embodiment of
the 1nvention.

PREFERRED EMBODIMENTS OF TH.
INVENTION

L1l

An obstacle determining apparatus according to an
embodiment of the mvention 1s an apparatus which deter-
mines an obstacle by using a distance measuring device and
1s configured to prevent a ground from being erroneously
detected as an obstacle. This obstacle determiming apparatus
1s mainly installed in a moving body. Examples of this
moving body include a moving body which moves in
tacilities such as factories or public facilities or 1n sites of the
tacilities, parking areas, or the like, and a moving body such
as an automobile or a motorcycle traveling on a public road.
In particular, as a moving body which automatically moves
in sites or facilities, there 1s a so-called an autonomous
traveling apparatus which 1s an autonomous traveling type
and has a control mechanism. A moving body, such as an
automobile, which 1s basically driven by a driver 1s also able
to travel autonomously or travel autonomously as driving
assistance for the driver by installing autonomous traveling
control. A moving body provided with the obstacle deter-
mimng apparatus 1s able to be used not only for a transpor-
tation purpose for transporting persons and articles but also
for monitoring surroundings while moving, and 1n such a
case, the moving body may be called a monitoring robot.

Hereinafter, various embodiments of the invention will be
described with reference to drawings. Note that, in the
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description below, like numerals represent like elements
even 1n configurations of various drawings, so that descrip-
tion thereof will be omatted.

(First Embodiment)

A first embodiment of the invention will be described with
reference to FIG. 1 to FIG. 4C. FIG. 1 1s a block diagram
illustrating one configuration example of an obstacle deter-
mining apparatus according the present embodiment. FIG. 2
1s an external view illustrating one configuration example of
a moving body including the obstacle determining apparatus
of FIG. 1.

As exemplified in FIG. 1, an obstacle determining appa-
ratus 1 according to the present embodiment includes an
optical distance measuring device (heremnafter, simply
referred to as a distance measuring device) 10 which mea-
sures a distance to a measurement object M by an optical
measuring mechanism, and an obstacle determining portion
17.

Specifically, the distance measuring device 10 modulates
measurement light output from a laser light source, radiates
the resultant to the object through an optical window, and
detects reflection light from the measurement object M by a
light receiving element through the optical window to mea-
sure the distance. As a scheme for modulating the measuring
light, an AM (Amplitude Modity) scheme and a TOF (Time
of Flight) scheme are put into use and the distance measur-
ing device 10 may adopt any of the schemes. In the AM
scheme, measurement light that 1s AM-modulated by a sine
wave and reflection light thereof are subjected to photoelec-
tric conversion, a phase difference between signals thereot 1s
calculated, and a distance 1s computed from the phase
difference. The TOF scheme 1s a scheme 1n which measure-
ment light that 1s modulated 1nto a pulse form and retflection
light thereot are subjected to photoelectric conversion, and
a distance 1s computed from a delay time between signals
thereof.

The distance measuring device 10 two-dimensionally
scans the measurement light in vertical and horizontal
directions and receives reflection light to thereby measure
the distance to the measurement object M 1n a fixed mea-
surement space region (measurement range). That 1s, the
distance measuring device 10 can be also said as an area
sensor 1n this measurement range. Representative examples
of such a distance measuring device 10 include 3D-LIDAR
(Light Detection and Ranging or Laser Imaging Detection
and Ranging), laser range finder, and the like. When a
measurement direction may be limited, 2D-LIDAR that 1s
installed so as to perform scanning 1n a vertical direction
(/horizontal direction) 1s also able to be adopted. In this case,
by arranging the 2D-LIDAR at a predetermined interval in
the horizontal direction (/vertical direction), the measure-
ment space region as described above 1s able to be covered.
Note that, the laser range finder 1s a distance measuring
sensor adopting the TOF scheme and 1s able to perform
measurement of a two-dimensional plane and three-dimen-
sional measurement by having one scanning axis and two
scanning axes, respectively. The LIDAR can be also said as
one type of the laser range finder.

In addition, by radiating light, such as infrared light, {from
a light emitting portion without scanning light and using a
two-dimensional light receiving sensor for the light receiv-
ing element, 1t 1s also possible to measure the distance to the
object 1n the fixed measurement space region based on a
light reception result of the two-dimensional light receiving
sensor. Examples of the two-dimensional light receiving
sensor include a CCD (Charge Coupled Device) and a
CMOS (Complementary Metal Oxide Semiconductor Image
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Sensor). An example of such a distance measuring device
includes a TOF camera which causes a near infrared LED
(Light Emitting Diode) to emait light in pulses and reads an
arrival time of reflection light by a CCD to obtain a
three-dimensional measurement point image.

The distance measuring device 10 having the present
exemplary configuration has a light emitting portion 12
which emits measurement light, a light receiving portion 15
which receives reflection light of the measurement light
emitted from the light emitting portion 12, an optical mecha-
nism portion 13 including an optical path adjusting portion,
such as a mirror, which performs drive-scanning of an
optical path of the emitted measurement light and guides
reflection light to the light receiving portion 15, an optical
window 16 which transmits the measurement light emitted
from the light emitting portion 12 and retlection light
thereol, a drive control portion 11 which performs control of
light emission driving of the light emitting portion 12 and
driving of the optical path adjusting portion, and a distance
calculating portion 14 which calculates the distance to the
measurement object M based on an output signal subjected
to photoelectric conversion by the light receiving portion 15
and optical path driving information from the drive control
portion 11 and outputs the distance as a measurement result
of distance information.

The obstacle determining portion 17 determines presence/
absence of an obstacle 1n the measurement space region 1n
front of the distance measuring device 10 based on the
measurement result of the distance by the distance measur-
ing device 10. When determining that there 1s an object (an
object to be recognized as an obstacle) 1n the measurement
space region in front of the obstacle determining apparatus
1, the obstacle determiming portion 17 determines the object
as an obstacle. The measurement space region 1s basically
defined as a predetermined region as a so-called measure-
ment area (obstacle detection area) and can be said to be a
region indicating a coordinate space of a measurement
object point (measurement point). Note that, a resolution
(measurement accuracy) of the measurement space region 1s
not particularly limited, and accuracy of a distance and a
direction that are able to be measured 1s just enhanced when
the resolution 1s preferable. This measurement space region
1s a main characteristic of the present embodiment and will
be described below.

An obstacle determining method of the obstacle deter-
mimng portion 17 1s not limited. For example, rectangular
coordinates (a coordinate in at least one direction 1s defined
as a distance) of respective measurement points to the
measurement object M (not infinite but limited) whose
distance 1s measured by the distance measuring device 10
are obtained. When there are coordinates 1n the measure-
ment space region among the obtained coordinates, 1t may
be determined that there 1s an obstacle. It 1s preferable that
it 1s determined that there 1s an obstacle only when the
predetermined number of measurement points that are mea-
sured exist in the measurement space region.

As 1llustrated 1n FIG. 2, the obstacle determining appa-
ratus 1 as described above 1s mounted 1n a moving body 2,
such as an autonomous traveling apparatus, which automati-
cally travels by avoiding collision with an obstacle while
detecting the obstacle. In this example, the distance mea-
suring device 10 1s attached to a main body 20 and a unit
constituting the obstacle determining portion 17 1s mounted
inside the main body 20.

The exemplified moving body 2 has four wheels 21
attached to the main body 20, and 1s provided with a driving
portion which makes the moving body 2 travel and a drive
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control portion (referred to as a wheel drive control portion
for discrimination) which performs control thereof, which
are not illustrated. The drive control portion 1s constituted
by, for example, a motor and/or engine, etc. for rotationally
driving the plurality of wheels 21. Of course, without
limitation to the exemplified wheels 21, for example, a
crawler or the like may be driven.

The wheel dnive control portion controls the driving
portion so as to perform an operation for avoiding collision
with the obstacle based on the determination result by the
obstacle determining portion 17. In this case, when the
obstacle determining portion 17 determines that an object 1s
in the measurement space region, information thereof 1is
output to the wheel drive control portion. Then, the wheel
control driving portion performs control, for example, to
cause the moving body 2 which 1s traveling to change a
traveling direction, slow down, or stop just 1n front of the
obstacle. Based on this control, it 1s possible to cause the
driving portion to perform an operation such as changing of
the traveling direction, slowing down, or stopping, thus
making it possible to avoid collision with the obstacle.

In addition, when the moving body 2 1s provided with a
storage portion storing map information, a position infor-
mation obtaining portion, and the like, the moving body 2 1s
able to move along an expected route. An example of the
position information obtaining portion includes a unit which
obtains a position of the moving body 2 by using a satellite
positioning system including GPS (Global Positioning Sys-
tem), GNSS (Global Navigation Satellite System) such as
GLONASS (Global Navigation Satellite System) of Russia,
Galileo of EU, and BeiDou of China as well as Quasi-Zenith
Satellite System (QZSS) of Japan and IRNSS (Indian
Regional Navigational Satellite System) of India.

Next, the main characteristic of the present embodiment
will be described with reference to FIG. 3A to FIG. 4C
together. FIG. 3A 1s a cross-sectional view taken along an
advancing direction for i1llustrating an example of a conven-
tional measurement space region of a moving body provided
with an obstacle determining apparatus, FIG. 3B 1s a sche-
matic view illustrating an example 1n which the measure-
ment space region of FIG. 3A changes due to a topographic
change, FIG. 3C 1s a cross-sectional view of a plane of the
measurement space region of FIG. 3A, which 1s vertical to
the advancing direction, and FIG. 3D 1s a cross-sectional
view ol a plane of the measurement space region of FIG. 3B,
which 1s vertical to the advancing direction. Note that,
though each of FIG. 3A to FIG. 3D illustrates the conven-
tional measurement space region, description will be given
by assigning numerals 10 and 2 to a distance measuring
device 1n the obstacle determining apparatus and a moving
body provided with the obstacle determining apparatus,
respectively, for convenience of a sixth embodiment
described below.

FIG. 4A 1s a cross-sectional view taken along an advanc-
ing direction for illustrating an example of a measurement
space region of the moving body 2 provided with the
obstacle determining apparatus 1 of FIG. 1, FIG. 4B 1s a
schematic view illustrating an example 1n which the mea-
surement space region of FIG. 4A changes due to a topo-
graphic change, and FI1G. 4C 1s a schematic view illustrating
another example 1n which the measurement space region of
FIG. 4A changes due to a topographic change.

As the main characteristic of the present embodiment, the
measurement space region 1s defined so that a position of a
bottom surface of the measurement space region changes
stepwisely or continuously according to a depth 1n a forward
direction of the measurement space region (that 1s, as the




US 10,093,312 B2

11

depth increases). In the present embodiment, this definition
1s basically applied 1n advance.

The depth 1n the forward direction basically refers to a
distance from the optical window 16 to the forward direc-
tion, but may be a value, for example, obtained by adding,
to the distance, a distance of an optical path from the optical
mechanism portion 13 or the light emitting portion 12 to the
optical window 16. When the moving body 2 1s placed on a
horizontal ground and when the optical window 16 of the
distance measuring device 10 1s disposed within a plane
vertical to the ground and an advancing direction of the
moving body 2 (heremafter, referred to as model arrange-
ment for convenience), the position of the bottom surface
means, for example, a height of a bottom edge of the
measurement space region from the ground. That i1s, 1n the
case of the model arrangement, the position of the bottom
surface means an oflset amount of the measurement space
region from the ground. Moreover, for making the region to
be laterally equal, the measurement space region and also
the height of the bottom surface are basically set to be
bilaterally symmetric with respect to a central axis vertical
to a surtface of the optical window 16.

Description will be given with a specific example. A
measurement space region DO illustrated in FIG. 3A and
FIG. 3C 1s a rectangular parallelepiped region defined within
a region that 1s able to be measured by the distance mea-
suring device 10, and an upper surface and a bottom surface
of the measurement space region D0 1n the model arrange-
ment are parallel to a ground G 1n cross section. Note that,
a measurement limit distance 1s set to the distance measuring
device 10, and the distance measuring device 10 1s not able
to accurately measure a distance to an object at a position
turther than the measurement limit distance, so that magni-
tude of the depth (deepness) 1s limited as 1n the measurement
space region DO. It 1s possible to determine the measurement
limit distance in a near side according to an advancing
speed, a turning diameter, or the like of the moving body 2.
There 1s no trouble even when an obstacle exists at a position
nearer than the distance because the obstacle has already
been detected at a position further than the distance.

Even the exemplified measurement space region D0 has
no trouble because the model arrangement 1s achieved as
long as the ground G 1s flat. However, the ground G
normally has a level difference or concave and convex on an
unpaved road. As exemplified in FIG. 3B and FIG. 3D, when
there 1s a depression (concave) Gu on the ground G and front
wheels 21 fall 1n the depression Gu, a vehicle body and the
distance measuring device 10 of the moving body 2 are
inclined frontward. Thus, though there 1s no trouble 1n a
back portion D0a (side closer to the distance measuring
device 10) of the measurement space region D0, a front
portion D0, (side further from the distance measuring
device 10) overlaps the ground G and the distance measur-
ing device 10 detects the ground G as a measurement object
(that 1s, an obstacle). When the ground G 1s detected as the
obstacle, an avoiding operation such as stopping is to be
performed for safety even 1n a scene where there 1s nothing
to be an obstacle for traveling, so that usability 1s lowered.

The cause of such erroneous detection lies in that when
the vehicle body and the distance measuring device 10 of the
moving body 2 are inclined forward, a measurement region
at a position away from the distance measuring device 10 (1n
a depth direction) 1s more greatly shifted 1n a direction of the
ground G. This point 1s focused on 1n the present embodi-
ment and countermeasure 1s taken to prevent the ground G
from being erroneously detected 1n the measurement space
region when the vehicle body 1s inclined forward by con-
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sidering the height of the measurement space region D0 by
the vehicle body after being inclined forward from the
ground G.

That 1s, 1n the present embodiment, for example, a mea-
surement space region D1 1llustrated 1n FIG. 4A 1s defined
and used as a measurement space region. The measurement
space region D1 1s also a region defined within a region that
1s able to be measured by the distance measuring device 10
and 1s a region defined so that a position of a bottom surface
thereol becomes higher (the bottom surface i1s floated)
stepwisely, that 1s, changes as the depth increases in the
measurement space region D0 (as a vertical distance from
the optical window 16 1s longer). When the position 1s made
higher stepwisely, a degree of making the position higher
according to the depth may be at a constant rate as exem-
plified in the measurement space region D1 (that 1s, the
position may be made higher in proportion to the depth), but
may not be at a constant rate. Though not 1illustrated, the
measurement space region D1 may be defined so that the
position becomes higher not stepwisely but continuously (in
a smooth slope shape) as the depth increases.

By adopting such a measurement space region D1, 1t 1s
possible to prevent a front portion of the measurement space
region D1 from overlapping the ground G as exemplified in
FIG. 4B even when the depression Gu 1s on the ground G
and the wheels 21 fall in the depression Gu similarly to the
example of FIG. 3B or even when a similar state 1s generated
due to shaking of the moving body 2. That 1s, 1t 1s possible
to prevent the distance measuring device 10 from detecting
the ground G as a measurement object (that 1s, an obstacle).

Without limitation to the depression Gu, also 1n a case
where there 1s a change 1n inclination of the ground G (a
change in which an angle of the ground G before and after
the change 1s less than 180° as illustrated) as exemplified
with an example 1n which inclination of the ground G
changes at a changing position Gb in FIG. 4C, the ground G
1s detected when the measurement space region D0 1s
adopted, whereas such detection 1s able to be prevented
when the measurement space region D1 1s adopted.

The measurement space region in the present embodiment
1s defined so that a position of an upper surface of the
measurement space region 1s at a constant height regardless
of the depth (regardless of a distance to a measurement
object) as exemplified 1n FIG. 4A to FIG. 4C, but 1s not
limited thereto. Note that, the constant height means that the
height from the ground at the time of the model arrangement
1s constant.

Description has been given by assuming that the mea-
surement space region (the measurement space region D0 1n
the examples of FIG. 3A to FIG. 4C) before positions of the
bottom surface and the upper surface are adjusted has a
rectangular parallelepiped, but there 1s no limitation thereto.
As the measurement space region before the adjustment, for
example, a measurement space region 1 which, i a group
ol measurement points radially provided frontward with a
light emission point of the optical window 16 as a center, a
lower limit and an upper limit of the depth in the forward
direction are provided and width and height directions are
limited to be within a rectangular region radially extends
with a central axis which passes through the center and 1s
vertical to the optical window 16 as a center may be adopted.

According to the present embodiment, the measurement
space region in front of the distance measuring device 10 1s
defined so that the ground 1s dithicult to be detected. Thus,
in the present embodiment, without a complicated configu-
ration or algorithm, simple algorithm makes it possible to
prevent the ground from being erroneously determined as an
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obstacle even when shaking due to an impact or a change 1n
inclination of the ground 1s caused. In the present embodi-
ment, when the measurement space region 1s narrowed, the
measurement space region becomes narrower as being fur-
ther from the distance measuring device 10, so that 1t can be
said that there 1s substantially small influence on collision
avoilding processing. For example, when a low object 1s on
a flat ground, the object 1s not able to be detected at a
position away from the distance measuring device 10 but 1s
able to be detected when being closer, so that 1t 1s possible
to avoid collision with the object.

Though the optical distance measuring device has been
taken above as an example of the distance measuring device,
not only laser light, infrared light, visible light, or the like
but also ultrasonic waves, electromagnetic waves, or the like
may be adopted to be radiated for sensing and this 1s also
applied to embodiments described below. That 1s, the
obstacle determiming apparatus 1s able to include a distance
measuring device which measures a distance by radiating
ultrasonic waves, electromagnetic waves, or the like, instead
of the optical distance measuring device. In particular, by
adopting contrivance such as providing of directivity, pres-
ence or absence of an object at each measurement point 1s
able to be sensed also by ultrasonic waves or the like.
However, a laser 1s preferably used because of having
excellent weather resistance and high measurement accu-
racy.

(Second Embodiment)

A second embodiment of the invention will be described
with reference to FIG. SA and FIG. 5B. FIG. 5A 15 a
cross-sectional view of a plane vertical to an advancing
direction for 1llustrating an example of a measurement space
region of a moving body provided with an obstacle deter-
mimng apparatus according to the second embodiment of
the invention, and FIG. 5B 1s a schematic view 1llustrating,
an example 1n which the measurement space region of FIG.
5A changes due to a topographic change. Note that, in the
present embodiment, though description for overlapping
parts with the first embodiment will be basically omaitted,
various applications described in the first embodiment are
able to be applied.

In the first embodiment, as exemplified with the measure-
ment space region D1, a measurement space region 1s
defined so that a position of a bottom surface thereof
becomes higher stepwisely or continuously according to a
depth 1n a forward direction thereof. On the other hand, 1n
the present embodiment, a measurement space region 1s
defined so that the position of the bottom surface of the
measurement space region becomes higher stepwisely or
continuously according to a depth 1n a width direction (depth
in a lateral direction) of the measurement space region. One
example of the measurement space region defined 1n such a
manner 1s a measurement space region D2 illustrated i FIG.
S5A.

As exemplified in FIG. 5B, for example, when there 1s a
depression Gu on a ground G and a wheel 21 falls 1n the
depression Gu or when the distance measuring device 10
laterally shakes due to vibration, the distance measuring
device 10 1s inclined 1n a lateral direction and the measure-
ment space region D2 also laterally shakes.

However, 1t 1s possible in the present embodiment to
prevent the ground G from being erroneously detected as an
obstacle even when there 1s such shaking because the
position of the bottom surface becomes higher stepwisely or
continuously. In addition, the measurement space region 1s
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narrowed as being further from the distance measuring
device, so that 1t 1s thought to be practical in the present
embodiment.

As another example of the measurement space region 1n
the present embodiment, a measurement space region which
adopts the aforementioned radial region, 1n which a lower
limit and an upper limit of the depth in the forward direction
are provided and width and height directions at least on a
bottom surface side are limited to be within a cylindrical
region or an ellipse region with the central axis of the light
emission point as a center, may be adopted.

In the present embodiment as well, the measurement
space region 1s defined but not limited to have a position of
an upper surface of the measurement space region at a
constant height regardless of the depth (regardless of the
depth 1n the lateral direction 1n the present embodiment) as
exemplified 1n FIG. 5A. Note that, the constant height means
that the height from the ground at the time of the model
arrangement 1s constant.

(Third Embodiment)

As described above, applications of the first embodiment
are able to be applied to the second embodiment. As a third
embodiment of the invention, an embodiment to which both
of the embodiments are applied will be described with
reference to FIG. 6. FIG. 6 1s a perspective view 1llustrating,
one example of a measurement space region ol a moving
body provided with an obstacle determining apparatus
according to the present embodiment. Note that, in the
present embodiment, though description for overlapping
parts with the first and second embodiments will be basically
omitted, various applications described in the first and
second embodiments are able to be applied.

In the present embodiment, both of the first and second
embodiments are applied and a measurement space region 1s
defined so that a position of a bottom surface thereof
becomes higher stepwisely or continuously according to a
depth 1n a forward direction thereof and a depth 1n a lateral
direction (width direction) thereol. One example of the
measurement space region defined in such a manner 1s a
measurement space region D3 1llustrated in FIG. 6. With the
present embodiment, it 1s possible to prevent a ground from
being erroneously detected as an obstacle even when any of
forward inclination and lateral inclination of the distance
measuring device 10 1s caused.

(Fourth Embodiment)

A fourth embodiment of the mnvention will be described
with reference to FIG. 7A. FIG. 7A 1s a cross-sectional view
of a plane vertical to an advancing direction for illustrating
an example of a measurement space region ol a moving
body provided with an obstacle determining apparatus
according to the present embodiment. Note that, in the
present embodiment, though description for overlapping
parts with the first to third embodiments will be basically
omitted, various applications described 1n the first to third
embodiments are able to be applied.

A measurement space region in the present embodiment 1s
defined so that a position of an upper surface of the mea-
surement space region becomes higher stepwisely or con-
tinuously, that 1s, the measurement space region before
adjustment as exemplified with the measurement space
region DO 1s shifted to be higher as the depth (depth in the
forward direction and/or the width direction) increases. One
example of the measurement space region defined 1n such a
manner 1s a measurement space region D4 1llustrated in FIG.
TA.

In the measurement space region D4, not only a position
of a bottom surface thereot 1s made high but also the position
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of the upper surface thereof 1s made high accordingly in
order to prevent the ground G from being erroneously
detected as an obstacle, for example, when 1inclination of the
ground G changes at a changing position Gb or when a
wheel 21 falls 1n a depression or rides over a level difference.
Thus, even 1n such a case, 1t 1s possible to detect an obstacle
having certain extent of height from a remote position. Of
course, a degree of the change of the height of the bottom
surface position and a degree of the change of the height of
the upper surface position may be different from each other
and the same 1s able to be applied also to a depth 1n the width
direction like 1n the second and third embodiments.

(Fifth Embodiment)

In a fifth embodiment of the imnvention, though description
for overlapping parts with the first to fourth embodiments
will be basically omitted, various applications described in
the first to fourth embodiments are able to be applied.

Only when detecting an obstacle having a predetermined
shape that includes at least a part of a bottom surface of a
measurement space region defined 1n advance and indicates
a ground, the obstacle determining portion 17 of the present
embodiment changes (updates) the definition of the mea-
surement space region so that the position of the bottom
surface (and the upper surface) becomes higher stepwisely
or continuously.

The measurement space region defined 1n advance 1s a
measurement space region in which a position of a bottom
surface (and the upper surface) 1s not changed, 1n other
words, the bottom surface does not become higher according
to the depth as exemplified with the measurement space
region D0. The predetermined shape refers to, for example,
a rectangular shape over a whole region i1n the width
direction, which includes the bottom surface of the mea-
surement space region D0, and the detection may be deter-
mined with any method.

That 1s, the obstacle determining portion 17 of the present
embodiment defines, for example, the measurement space
region DO 1n advance, and only when detecting a ground (an
obstacle of the predetermined shape that includes at least a
part of the bottom surface of the measurement space region
D0) based on the defimition, changes the defimition of the
measurement space region to the measurement space region
D1, D2, D3, D4, or the like.

With such control, the ground 1s simply detected first, and
then, the measurement space region D1 or the like 1n which
the ground 1s not erronecously detected 1s adopted, so that 1t
1s also possible to detect a low obstacle from a remote
position before the ground 1s detected. That 1s, in the present
embodiment, measurement 1s performed first with 1n a broad
measurement range, and the measurement range 1s narrowed
only when it 1s assumed that the measurement range needs
to be narrowed. Further, the measurement range 1s narrowed
so as to be narrower as being further from the distance
measuring device, so that it 1s thought to be practical.
(Sixth Embodiment)

A sixth embodiment of the invention will be described
with reference to FIG. 7B. FIG. 7B 1s a cross-sectional view
of a plane vertical to an advancing direction for illustrating
an example of a measurement space region ol a moving
body provided with an obstacle determining apparatus
according to the present embodiment. Illustrated 1s a scene
where the moving body 2 travels on a flat road and then
reaches a downhill with a constant gradient, a branch point
of which 1s indicated with Gdh.

A measurement space region in the present embodiment 1s
defined so that a position of a bottom surface of the
measurement space region becomes lower stepwisely or
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continuously and a position of the bottom surface of the
measurement space region becomes lower stepwisely or
continuously as the depth (depth in a forward direction
and/or a width direction) increases. One example of the
measurement space region defined in such a manner 1s a
measurement space region D4' 1llustrated 1n FIG. 7B.

When there 1s an obstacle at a position slightly down the
downhill, 1t takes time to find the obstacle with the mea-
surement space region in which the bottom surface 1s
parallel to the ground G as exemplified with the measure-
ment space region DO0. Thus, when the moving body 2
reaches the downhill with the constant gradient, 1t 1s desir-
able that the position of the bottom surface of the measure-
ment space region becomes lower stepwisely or continu-
ously.

Therefore, 1n the present embodiment, 1n order to detect
that the moving body 2 reaches the downhill with the
constant gradient, the distance measuring device 10 has a
position detecting device, such as a GPS, which detects a
current position and a map information holding portion
which holds map information. Thereby, 1t 1s possible to
determine whether or not the moving body reaches the
downhill based on the map information. Note that, 1t 1s also
possible 1n the present embodiment to make the position of
the bottom surface of the measurement space region higher
stepwisely or continuously like in the measurement space
region D4 1llustrated in FIG. 7A when the moving body 2
reaches an uphill.

In this manner, the measurement space region in the
present embodiment 1s defined so that the position of a
bottom surface of the measurement space region changes
stepwisely or continuously according to the depth in the
torward direction and/or the width direction of the measure-
ment space region based on position information of the
distance measuring device.

(Seventh Embodiment)

A seventh embodiment of the invention will be described
with reference to FIG. 8 to FIG. 11B. FIG. 8 1s a block
diagram 1illustrating one configuration example of an
obstacle determining apparatus according to the present
embodiment, and FIG. 9 1s an external view illustrating one
configuration example of a moving body provided with the
obstacle determining apparatus of FIG. 8. FIG. 10 1s a
cross-sectional view taken along an advancing direction for
illustrating an example of a measurement space region of the
moving body 2 of FIG. 9 1n a normal state, and both FIG.
11A and FIG. 11B are schematic views each illustrating an
example 1n which the measurement space region of FIG. 10
changes due to a topographic change in the moving body of
FIG. 9.

As exemplified in FIG. 8, the obstacle determining appa-
ratus 1 according to the present embodiment includes,
similarly to the first embodiment 1llustrated in FIG. 1, the
optical distance measuring device (heremnafter, simply
referred to as the distance measuring device) 10 which
measures a distance to a measurement object M by an optical
measuring mechanism, and the obstacle determining portion
17. In the present embodiment and embodiments described
below, the obstacle determining apparatus 1 includes an
inclination detecting portion 18 which detects inclination
(talt) of the distance measuring device 10. Other configura-
tions are similar to those of the embodiment illustrated in
FIG. 1, so that description thereol will be omutted.

The obstacle determining apparatus 1 according to the
present embodiment includes the inclination detecting por-
tion 18 which detects inclination (tilt) of the distance mea-
suring device 10. Note that, since a result of distance
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measurement by the distance measuring device 10 1s used
for determination of an obstacle, inclination of a detection
object means 1nclination of the obstacle determining appa-
ratus. The inclination detecting portion 18 1s only required to
detect inclination of the distance measuring device 10, and
1s thus able to be provided not only inside the distance
measuring device 10 but also 1n the main body 20 of the
moving body 2 provided with the distance measuring device
10. Various examples of the inclination detecting portion 18
include inclination sensors such as an acceleration sensor, a
gyro sensor, and a 3-axis geomagnetic sensor, and one that
uses magnetic fluid as an inclination sensor may be used.
Note that, a direction of gravitational acceleration may be
detected when the acceleration sensor 1s adopted, an incli-
nation velocity (angular velocity) may be integrated when
the gyro sensor 1s adopted, and a change in an inclination
direction may be checked when the 3-axis geomagnetic
sensor 1s adopted.

When a value of the inclination, which 1s mput from the
distance measuring device 10, 1s indefimite and not reliable,
the obstacle determining portion 17 preferably causes the
wheel drive control portion to output a determination result
to slow down by predicting collision with an obstacle, as
control independent from processing as characteristics of the
present embodiment and other embodiments described
below.

When a detection result of the imclination detecting por-
tion 18 indicates that the inclination of the distance mea-
suring device 10 1s changed to a pitch direction (forward
inclination or backward inclination direction) and/or a roll
direction (lower left or lower right direction), the measure-
ment space region as a main characteristic of the present
embodiment 1s changed so that a position of a bottom
surface of the measurement space region changes stepwisely
or continuously according to a depth 1n a forward direction
and/or a width direction of the measurement space region.
Of course, the change of the position of the bottom surface
refers to a change in an upper direction or a lower direction.
Also when the position of the bottom surface is originally set
to change stepwisely or continuously according to the depth,
detection of the change of the inclination triggers to change
the measurement space region such as changing of the
degree of the change or changing of tendency (changing
from a change 1n the upper direction to a change 1n the lower
direction, or changing to the contrary). Though not
described basically below, setting of the measurement space
region may be performed by the obstacle determining por-
tion 17 and the determination that the inclination 1s changed
may be performed, for example, by referring to the detection
result of the inclination within a predefined time.

When the detection result of the inclination detecting
portion 18 indicates that the inclination of the distance
measuring device 10 1s changed to a forward inclination
direction (that 1s, a direction of forward inclination state),
the measurement space region as a main characteristic of the
present embodiment 1s changed so that the position of the
bottom surface of the measurement space region becomes
higher stepwisely or continuously according to the depth in
the forward direction of the measurement space region (that
1s, as the depth increases).

Description will be given with a specific example. FIG. 10
1s a cross-sectional view taken along an advancing direction
tor illustrating an example of a measurement space region of
the moving body 2 of FIG. 9 1 a normal state. The
measurement space region D0 1s a rectangular parallelepiped
region defined 1n a region that 1s able to be measured by the
distance measuring device 10, and an upper surface and a
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bottom surface of the measurement space region D0 1n the
model arrangement are parallel to a ground G 1 cross
section.

As described 1n the first embodiment with use of FIG. 3A
to FIG. 3D, even the exemplified measurement space region
D0 has no trouble because the model arrangement is
achieved as long as the ground G 1s flat. However, when
there 1s a depression (concave portion) Gu on the ground G
and wheels 21 of a conventional moving body 2 falls in the
depression Gu, the distance measuring device 10 1s inclined
with the main body 20 and the ground G may be detected as
an obstacle. The moving body 2 1s to perform an avoiding
operation such as stopping for safety even when there is
nothing to be an obstacle for traveling, so that usability 1s
lowered.

The cause of such erroneous detection lies 1n that at a time
when the main body 20 (vehicle body) and the distance
measuring device 10 of the moving body 2 are inclined
forward by concave and convex or a level difference due to
a depression or the like, the measurement region at a
position away from the distance measuring device 10 (1n a
depth direction) 1s more greatly shifted in a direction of the
ground G. This point i1s focused on in the present embodi-
ment, and 1t 1s configured so as to detect a change to the
forward inclination direction of the inclination by the incli-
nation detecting portion 18, and when such a change 1s
caused, by considering height of the measurement space
region DO by the vehicle body after the change (after being
inclined forward) from the ground G, the measurement
space region D0 1s modified so as to lift a set coordinate 1n
a height direction of the bottom surface thereof like 1n the
measurement space region D1 of FIG. 11A. Thereby, only an
object on the ground G 1s able to be detected without
detecting the ground G and the obstacle determining portion
17 1s prevented from determining the ground G as an
obstacle.

Specifically, similarly to the measurement space region
D0, the measurement space region D1 1s a region defined 1n
a region that 1s able to be measured by the distance mea-
suring device 10 and 1s a region changed so that a position
ol a bottom surtace thereotf becomes higher stepwisely (the
bottom surface 1s floated) as the depth increases in the
measurement space region D0 (as a vertical distance from
the optical window 16 1s longer). This change 1s executed
when the detection result of the inclination detecting portion
18 indicates that the inclination of the distance measuring
device 10 1s changed to a forward inclination direction as
described above. When the position 1s made higher step-
wisely, a degree of making the position higher according to
the depth may be at a constant rate as exemplified 1n the
measurement space region D1 (that 1s, the position may be
made higher 1n proportion to the depth), but may not be at
a constant rate. Though not illustrated here, the position may
be changed to be higher not stepwisely but continuously (in
a smooth slope shape) as the depth increases.

The measurement space region after the change 1n a scene
where the change to the forward inclination 1s detected in the
present embodiment 1s set but not limited to have a position
of an upper surface thereof at a constant height regardless of
the depth (regardless of a distance to a measurement object)
as exemplified i FIG. 11A. Note that, the constant height
here means that the height from the ground at the time of the
model arrangement 1s constant. For example, the measure-
ment space region aiter the change may be set so that the
position of the upper surface of the measurement space
region becomes higher stepwisely or continuously as the
depth 1ncreases in the forward direction. One example of the
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measurement space region set 1n such a manner 1s a mea-
surement space region D4 illustrated in FIG. 11B.

In the measurement space region D4, not only the position
of the bottom surface thereof 1s made high but also the
position of the upper surface thereof 1s made high accord-
ingly in order to prevent the ground G from being errone-
ously detected as an obstacle due to a change of the
inclination to the forward inclination direction. Thus, even
in the scene where the change of the inclination to the
torward inclination direction 1s detected (hereinafter, a scene
where the change to the forward inclination 1s detected), not
only a volume of the measurement space region 1s able to be
maintained constantly at a certain degree but also an
obstacle which 1s hung at a certain degree of height 1s able
to be detected from a remote position. Of course, a degree
of the change of the height of the bottom surface position
and a degree of the change of the height of the upper surface
position may be different from each other.

Description has been given by assuming that the mea-
surement space region (the measurement space region D0 1n
the example of FIG. 10) before positions of the bottom
surface and the upper surface are changed has a rectangular
parallelepiped shape, but without limitation thereto, the
measurement space region may be set to have any shape. As
the measurement space region belfore the change, for
example, not a rectangular parallelepiped 1n which a bottom
surface has the same height in the width direction but a
region 1n which a bottom surface has diflerent heights 1n the
width direction (which 1s basically set to be bilaterally
symmetric as described above) 1s also able to be adopted. In
such a case as well, as the measurement space region aifter
the change, 1t 1s possible to change the position of the bottom
surface (make higher in the present embodiment) according
to the depth as to the same position 1n the width direction.

To give a specific example, as the measurement space
region before the change, 1n a group of measurement points
radially provided frontward with a light emission point of
the optical window 16 as a center, a measurement space
region in which a lower limit and an upper limit of the depth
in the forward direction are provided and width and height
directions are limited to be within a rectangular region
which has a central axis passing through the center and
vertical to the optical window 16 as a center, a measurement
space region not having such limit (which 1s set not to be
contact with the ground), or the like may be adopted. The
latter corresponds to a shape obtained by excluding a tip end
from a cone falling sideways (a fan shape when viewed
laterally or from the top). The measurement space region
alter the change in the scene where the change to the forward
inclination 1s detected 1s based on a shape of the measure-
ment space region before the change, and, for example,
when the measurement space region before the change has
a shape obtained by excluding a tip end from a cone falling
sideways, the position of the bottom surface (not a bottom
surface of the cone but the bottoms surface of the measure-
ment space region) 1s to be changed to be made higher
stepwisely.

According to the present embodiment, without a compli-
cated configuration or algorithm, simple algorithm makes 1t
possible to prevent the ground from being erroneously
determined as an obstacle even when shaking in the forward
inclination direction due to an mmpact 1s caused or when
encountering a concave ol the ground, by changing the
measurement space region in iront of the distance measuring,
device 10 according to the change of the inclination 1n the
torward inclination direction so that the ground 1s dithicult to
be detected. In the present embodiment, the measurement
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space region 1s narrowed, except for an example as in FIG.
11B, as being further from the distance measuring device 10,
so that 1t can be said that there 1s substantially small
influence on collision avoiding processing. An obstacle
which 1s hung at a certain degree of height 1s not able to be
detected from a remote position as indicated 1n the example
of FIG. 11B, but 1s able to be detected from a closer position,
thus making 1t possible to avoid collision with the obstacle.

When the height of the position of the bottom surface 1n
the scene where the change to the forward inclination 1s
detected 1s set to be high with a certain margin, erroneous
detection of the ground 1s not caused even when the incli-
nation greatly changes to the forward inclination direction.
In this case, however, there may be a possibility that an
object having a low height from the ground 1s not able to be
detected, either. Accordingly, in order to avoid such a
situation, without determining the height of the position of
the bottom surface in the scene where the change to the
forward inclination 1s detected at a constant value, 1t 1s
preferable that a degree of changing the position of the
bottom surface to be higher stepwisely or continuously 1s set
to be great as a degree of the change of the inclination to the
forward inclination direction, which 1s indicated by the
detection result of the inclination detecting portion 18, 1s
greater (1n other words, as an amount of change of the
inclination per unit time 1s greater). This 1s able to be
realized by adjusting the height of the bottom surface
according to the degree of the change to the forward
inclination.

In the present embodiment, since a setting change of the
measurement space region 1s executed in the scene where
the change to the forward inclination 1s detected, the similar
1s executed also when a further change to the forward
inclination direction is caused after the change.

However, there 1s also a scene where the inclination
changes to the backward inclination direction and is returned
to 1ts original state, and then there i1s no change in the
inclination, such as a scene where the front wheels pass
through (goes out of) the depression Gu like 1n the example
of FIG. 11A. It 1s actually necessary to cope with such a
scene.

Thus, when 1t 1s indicated that the inclination of the
distance measuring device 10 has no change to a direction
causing the change of the position of the bottom surface, the
measurement space region 1s preferably changed so that the
change of the position of the bottom surface according to the
depth in the forward direction of the measurement space
region 1s returned to an original state.

Though the optical distance measuring device has been
taken above as an example of the distance measuring device,
not only laser light, infrared light, visible light, or the like
but also ultrasonic waves, electromagnetic waves, or the like
may be adopted to be radiated for sensing, and this 1s also
applied to embodiments described below. That 1s, the
obstacle determining apparatus 1s able to include a distance
measuring device which measures a distance by radiating
ultrasonic waves, electromagnetic waves, or the like, instead
of the optical distance measuring device. In particular, by
adopting contrivance such as providing of directivity, pres-
ence or absence of an object at each measurement point 1s
able to be sensed also by ultrasonic waves or the like.
However, a laser 1s preferably used because of having
excellent weather resistance and high measurement accu-
racy.

(Eighth Embodiment)

An eighth embodiment of the invention will be described

with reference to FIG. 12A and FIG. 12B. Both FIG. 12A
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and FIG. 12B are schematic views each illustrating an
example 1 which the measurement space region of FIG. 10
changes due to a topographic change 1n a moving body
including an obstacle determining apparatus according to the
present embodiment. Note that, in the present embodiment,
though description for overlapping parts with the seventh
embodiment will be partially omitted, various applications
described in the seventh embodiment are able to be applied.

When the detection result of the inclination detecting
portion 18 indicates that the inclination of the distance
measuring device 10 1s changed to the backward inclination
direction due to a projection Go on the ground G or the like
(hereinafter, referred to as a scene where the change to the
backward inclination 1s detected) as exemplified with a
measurement space region D3' of FIG. 12A, a measurement
space region of the present embodiment 1s changed so that
a position of a bottom surface of the measurement space
region becomes lower stepwisely according to a depth 1n a
forward direction of the measurement space region.

The measurement space region D3' 1s obtained by chang-
ing (modifying) a set coordinate 1n the height direction of the
bottom surface of the measurement space region D0 so as to
be lowered 1n the lower direction by considering the height
of the measurement space region D0 by the vehicle body 1n
the scene where the change to the backward inclination 1s
detected from the ground G. Thereby, even 1n a scene where
the moving body 2 1s 1n a state of being inclined backward,
a low object placed on the ground G 1s able to be detected
as an obstacle without omission. Though described below
with an example of FIG. 13A, the set coordinate may be
changed so as to be lowered not stepwisely but continuously
as the depth increases.

The measurement space region after the change in the
scene where the change to the backward inclination 1s
detected 1n the present embodiment 1s set so that a position
ol an upper surface of the measurement space region 1s at a
constant height regardless of the depth as exemplified 1n
FIG. 12A, but there 1s no limitation thereto similarly to the
seventh embodiment. For example, the measurement space
region after the change in the scene where the change to the
backward inclination 1s detected may be set so that the
position of the upper surface of the measurement space
region becomes lower stepwisely or continuously as the
depth increases 1n the forward direction. One example of the
measurement space region set 1n such a manner 1s a mea-
surement space region D4' illustrated in FIG. 12B.

In the measurement space region D4', not only the posi-
tion of a bottom surface becomes low but also the position
of the upper surface becomes low accordingly in order to
prevent detection omission for a low object on the ground G
due to the inclination to the backward inclination direction.
Thus, even 1n the scene where the change to the backward
inclination 1s detected, not only a volume of the measure-
ment space region 1s able to be maintained constantly at a
certain degree but it 1s also possible to prevent a situation
where an obstacle which 1s hung at a certain degree of height
but through which the moving body 2 1s able to pass without
detection as an obstacle 1s detected. Of course, a degree of
the change of the height of the bottom surface position and
a degree of the change of the height of the upper surface
position may be different from each other.

A shape of the measurement space region before and after
the change 1n the scene where the change to the backward
inclination 1s detected 1s not limited to a rectangular paral-
lelepiped as exemplified with the measurement space region
D0, D3', or D4', and may be set to have any shape similarly
to the application in the seventh embodiment. For example,
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as the measurement space region belfore the change, for
example, not a rectangular parallelepiped 1n which a bottom
surface has the same height 1n a width direction but a region
in which a bottom surface has different heights in the width
direction (which 1s basically set to be bilaterally symmetric
as described above) 1s also able to be adopted. In such a case
as well, as the measurement space region after the change,
it 1s possible to change the position of the bottom surface
(make lower 1n the present embodiment) according to the
depth as to the same position 1 the width direction.

According to the present embodiment, without a compli-
cated configuration or algorithm, simple algorithm makes 1t
possible to detect a low object placed on the ground G earlier
without omission even when shaking in the backward incli-
nation direction due to an 1impact 1s caused or when encoun-
tering a convex (projection) of the ground, by changing the
measurement space region in front of the distance measuring
device 10 according to the change of the inclination 1n the
forward inclination direction so that the ground 1s dithicult to
be detected.

In the present embodiment, the measurement space region
1s expanded except for an example as 1 FIG. 12B, so that
it can be said that there 1s substantially small influence on
collision avoiding processing. In the example of FIG. 12B,
it 15 also possible to prevent detection of an obstacle, which
1s hung at a certain degree of height, from a remote position.

When the height of the position of the bottom surface 1n
the scene where the change to the backward inclination 1s
detected 1s set to be low with a certain margin, detection
omission for a low object 1s not caused even when the
inclination greatly changes to the backward inclination
direction. In this case, however, there may be a possibility
that the ground 1s erroneously detected as an obstacle to the
contrary. Accordingly, 1 order to avoid such a situation,
without determining the height of the position of the bottom
surface 1n the scene where the change to the backward
inclination 1s detected at a constant value, 1t 1s preferable that
a degree of changing the position of the bottom surface to be
lower stepwisely or continuously 1s set to be great as a
degree of the change of the inclination to the backward
inclination direction indicated by the detection result of the
inclination detecting portion 18 1s greater. This 15 able to be
realized by adjusting the height of the bottom surface
according to the degree of the change to backward inclina-
tion.

In the present embodiment, since a setting change of the
measurement space region 1s executed in the scene where
the change to the backward inclination 1s detected, the
similar 1s executed also when a further change to the
backward inclination direction 1s caused after the change.
However, there 1s also a scene where the inclination changes
to the forward inclination direction and 1s returned to its
original state, and then there 1s no change 1n the inclination,
such as a scene where the front wheels pass through (goes
out of) the projection Go like in the example of FIG. 12A.
It 1s actually necessary to cope with such a scene.

Thus, in the present embodiment as well, when 1t 1s
indicated that the inclination of the distance measuring
device 10 has no change to a direction causing the change of
the position of the bottom surface, the measurement space
region 1s prelerably changed so that the change of the
position of the bottom surface according to the depth 1n the
forward direction of the measurement space region 1s
returned to an original state.

Moreover, both functions of the present embodiment and
the seventh embodiment are able to be used together. How-
ever, 1n a case where the processing for returning the
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position of the bottom surface to 1ts original state as
described above 1s applied to both of the present embodi-
ment and the seventh embodiment to use in combination,
when there 1s a change 1n the inclination, the change may be
stored only for a short while. Thereby, 1t is possible to
determine whether to be a scene where the position 1is
returned to its original state or a scene where the inclination
1s changed from a state where there 1s no change in the
inclination.

(Ninth Embodiment)

A ninth embodiment of the invention will be described
with reference to FIG. 13A and FIG. 13B. FIG. 13A and
FIG. 13B are schematic views each 1illustrating an example
in which the measurement space region of FIG. 10 changes
due to respectively entering a downhill and an uphill and
returns to 1ts original state 1n a moving body provided with
an obstacle determining apparatus according to the present
embodiment. In the present embodiment, though description
for overlapping parts with the seventh and eighth embodi-
ments will be basically omitted and different points will be
mainly described, various applications described in the
seventh and eighth embodiments are able to be applied.

When the detection result of the inclination detecting
portion 18 indicates that inclination of the distance measur-
ing device 10 1s changed to a forward inclination direction
(a scene where a change to the forward inclination 1s
detected), a measurement space region of the present
embodiment 1s changed so that a position of a bottom
surface thereol becomes lower stepwisely or continuously
according to a depth 1n a forward direction of the measure-
ment space region.

To the contrary, when the detection result of the inclina-
tion detecting portion 18 indicates that the inclination of the
distance measuring device 10 1s changed to a backward
inclination direction (a scene where a change to the back-
ward 1nclination 1s detected), the measurement space region
of the present embodiment 1s changed so that the position of
the bottom surface thereol becomes higher stepwisely or
continuously according to the depth 1n the forward direction
of the measurement space region. Note that, 1n an obstacle
determining apparatus 1 in the present embodiment, an
example 1 which both of processing in the scene where the
change to the forward inclination 1s detected and processing
in the scene where the change to the backward inclination 1s
detected are executed 1s indicated, but only one of them may
be adopted.

As has been described 1n the seventh embodiment, the
determination that the inclination 1s changed may be per-
tormed by referring to a detection result within a predefined
time. However, though the time predefined correspondingly
to the seventh embodiment may be the same as the time
predefined correspondingly to the eighth embodiment, the
time predefined correspondingly to the ninth embodiment 1s
preferably longer than each of the aforementioned times in
consideration of a difference between detection objects.

In the present embodiment as well, when 1t 1s 1ndicated
that the inclination of the distance measuring device 10 has
no change to a direction causing the change of the position
of the bottom surface, the measurement space region 1s
preferably changed so that the change of the position of the
bottom surface according to the depth 1n the forward direc-
tion of the measurement space region 1s returned to an
original state. Thereby, 1t 1s possible to return processing to
original obstacle determinming processing when a state shiits
to a state where there 1s no change in the inclination (a state
of traveling on a flat ground or an uphill/downhill with a
constant gradient).
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Description will be given with a specific example. First,
description will be given with reference to FIG. 13A for a
scene where the moving body 2 travels on a flat road (a
position indicated with a moving body 2a), front wheels then
enter a downhill with a constant gradient, a branch point of
which 1s indicated with Gdh, (a position mndicated with a
moving body 2b), and aiter that, rear wheels also enter the
downhill (a position indicated with a moving body 2¢).

When the moving body 2 reaches the position of the
moving body 2b, a change to the forward inclination 1s
detected (that 1s, the scene where the change to the forward
inclination 1s detected 1s reached). When reaching the scene
where the change to the forward inclination 1s detected, a
bottom surface and an upper surface of a measurement space
region Dal (which 1s the same as the measurement space
region DO0) are changed to be lower continuously as the
depth 1n the forward direction increases like a measurement
space region Da2. In this case, change 1s preferably made so
that the bottom surface becomes parallel to a slope of the
downhill. That 1s, 1n the present embodiment as well, 1t 1s
preferable that a degree of changing the position of the
bottom surface stepwisely or continuously is set to be great
as a degree of the change of the inclination indicated by the
detection result of the inclination detecting portion 18 1is
greater. This 1s able to be realized by adjusting the height of
the bottom surface according to the degree of the change to
the forward inclination.

After that, when 1t 1s 1ndicated that the inclination of the
distance measuring device 10 has no change (that 1s, when
having passed through the scene where the change to the
forward inclination 1s detected), the measurement space
region Da2 1s returned to i1ts original state to be the mea-
surement space region Da3 which 1s the same as the mea-
surement space region Dal (so that the bottom surface 1s
parallel to the slope of the downhill). Note that, though the
measurement space region Da3 is 1llustrated as a region at a
time point when the moving body 2 reaches the position of
the moving body 2¢, the measurement space region Da3 1s
actually provided earlier. Though the example 1n which the
moving body 2 enters the downhill from the flat road 1s
taken, similar processing may be performed also 1n another
scene where no change of the inclination 1s seen after the
scene where the change to the forward inclination 1s detected
(for example, such as a scene of entering, from an uphill, an
uphill having a reduced gradient or a scene of entering, from
a downhill, a downhill having an increased gradient).

Next, description will be given with reference to FIG. 13
for a scene where the moving body 2 travels on a flat road
(a position mndicated with a moving body 2d), front wheels
then enter an uphill with a constant gradient, a branch point
of which 1s indicated with Guh, (a position indicated with a
moving body 2e), and after that, rear wheels also enter the
uphill (a position indicated with a moving body 2/).

When the moving body 2 reaches the position of the
moving body 2e, a change to the backward inclination 1s
detected (that 1s, the scene where the change to the backward
inclination 1s detected 1s reached). When reaching the scene
where the change to the backward inclination 1s detected, a
bottom surface and an upper surface of a measurement space
region Dbl (which 1s the same as the measurement space
region D0) are changed to be higher continuously as the
depth 1n the forward direction increases like a measurement
space region Db2. In this case, change 1s preferably made so
that the bottom surface becomes parallel to a slope of the
uphill. That 1s, 1n this case as well, it 1s preferable that a
degree of changing the position of the bottom surface
stepwisely or continuously 1s set to be great as a degree of
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the change of the inclination indicated by the detection result
of the inclination detecting portion 18 1s greater. This 1s able
to be realized by adjusting the height of the bottom surface
according to the degree of the change to the backward
inclination.

After that, when 1t 1s indicated that the inclination of the
distance measuring device 10 has no change (that i1s, when
having passed through the scene where the change to the
backward inclination 1s detected), the measurement space
region Db2 1s returned to 1ts original state to be the mea-
surement space region Db3 which 1s the same as the mea-
surement space region Dbl (so that the bottom surface 1s
parallel to the slope of the uphill). Note that, though the
measurement space region Db3 1s illustrated as a region at
a time point when the moving body 2 reaches the position of
the moving body 2/, but the measurement space region Db3
1s actually provided earlier. Though the example 1n which
the moving body 2 enters the uphill from the flat road has
been taken, similar processing may be performed also in
another scene where no change of the inclination 1s seen
alter the scene where the change to the backward inclination
1s detected (for example, such as a scene of entering, from
an uphill, an uphill having an increased gradient or a scene
of entering, from a downhill, a downhill having a reduced
gradient).

Though the example 1n which the upper surface and the
bottom surface are changed according to the change of the
gradient of the ground 1s taken, of course, only the bottom
surface may be changed as exemplified with FIG. 11A and
FIG. 12A. In the present embodiment as well, as the
measurement space region before and after the change, not
a region, like a rectangular parallelepiped, which has the
same height 1n the width direction, but a region which has
different heights 1n the width direction 1s able to be adopted.

According to the present embodiment, without a compli-
cated configuration or algorithm, simple algorithm makes 1t
possible to prevent erroneous determination of a ground as
an obstacle or detection omission of a low object on the
ground even when encountering a scene where the incline of
the ground changes, by changing the measurement space
region 1n front of the distance measuring device 10 accord-
ing to the change of the inclination 1n the forward inclination
direction so that the ground 1s diflicult to be detected.

The processing 1n the present embodiment 1s processing,
betfore and after the gradient of the ground changes, in which
the bottom surface 1s changed to a reverse direction to that
of the processing in the seventh and eighth embodiments.
However, with contrivance, the function of the present
embodiment 1s ale able to be used together with the function
of the seventh and/or eighth embodiments.

To describe an example thereof brietly, the processing
may be classified based on whether or not the change of the
inclination causing the change of the height of the bottom
surface has continued for a predetermined time period. Note
that, this predetermined time period 1s set as, for example, a
time which 1s predefined correspondingly to the ninth
embodiment and the time predefined correspondingly to the
seventh embodiment may be set to be shorter than the
predetermined time. A case where a time period of the
change of the inclination 1s less than the predetermined time
period 1s determined as a scene of riding over a depression
or a projection like in the seventh/eighth embodiments and
the measurement space region D0 (Dal/Da2) may be
changed, for example, like 1n FIG. 11 A (or FIG. 11B) or FIG.
12A (or FIG. 12B). Then, at a stage in which the predeter-
mined time period has elapsed, it may be determined as a
scene of passing though the ground having a reduced or
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increased gradient like m the present embodiment and the
measurement space region D0 (Dal/Da2) may be changed
like 1n FIG. 13A or FIG. 13B.

When such processing in which the continued time of the
change of the inclination 1s checked 1s adopted, 1t 1s natural
that a scene where the predetermined time period has
clapsed 1s encountered. Such a scene includes a scene where
processing by which a low object on a ground 1s diflicult to
be detected once 1s executed and a scene where processing
by which the ground is easy to be detected once 1s executed.

In the former scene, when the gradient of the ground 1s
reduced, for example, like in FIG. 13A, the measurement
space region 1s changed to the measurement space region D1
of FIG. 11A or the measurement space region D2 of FIG.
11B once and a low object on the ground 1s difficult to be
detected remotely. In this case, however, the low object 1s
able to be detected from a near position and thus there 1s no
particular trouble 1n obstacle detection.

In the latter scene, when the gradient of the ground 1s
increased, for example, like 1n FIG. 13B, the measurement
space region 1s changed to the measurement space region
D3' of FIG. 12A or the measurement space region D4' of
FIG. 12B once and the ground 1s easy to be detected. It 1s
possible to cope with such a scene by adopting contrivance
that the measurement space region 1s divided into a near-side
measurement space region used for determination for stop-
ping and a far-side measurement space region for determi-
nation for slowing down so that determination in the far side
does not cause stopping as described below, for example, 1n
cleventh and twelfth embodiments.

(Tenth Embodiment)

A tenth embodiment of the invention will be described
with reference to FIG. 14 to FIG. 16. FIG. 14 1s a cross-
sectional view of a plane vertical to an advancing direction
for illustrating an example of a measurement space region of
a moving body provided with an obstacle determining
apparatus according to the tenth embodiment of the inven-
tion, and each of FIG. 15A to FIG. 15C and FIG. 16 1s a
schematic view illustrating an example in which the mea-
surement space region of FIG. 14 changes due to a topo-
graphic change. In the present embodiment, though points
different from those of the seventh embodiment will be
mainly described, various applications described in the
seventh and other embodiments are able to be applied.

As to the measurement space region in the present
embodiment, when a detection result of the inclination
detecting portion 18 indicates that inclination of the distance
measuring device 10 1s changed to a lett roll direction or a
right roll direction (direction inclined to the lower leit or the
lower right), the measurement space region i1s changed so
that a position of a bottom surface of the measurement space
region becomes higher stepwisely or continuously according
to a depth in the left direction or the right direction of the
measurement space region.

To describe more specifically, 1in the present embodiment,
a laterally long measurement space region (long 1n a width
direction) particularly as exemplified with a measurement
space region D5 of FIG. 14 1s suitable for a measurement
space region in a normal state (corresponding to the mea-
surement space region D0). In the case of the measurement
space region D0 which 1s short in the width direction as
exemplified 1n FIG. 3C, a situation where the ground 1is
detected at a position of the bottom surface due to the right
or left roll 1s hard to occur.

Here, description will be given for a case where, as
exemplified mm FIG. 15A, a left wheel 21 engages into a
depression Gu, such as a rut, on the ground G (or a right
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wheel 21 rnides over a projection) and the inclination of the
distance measuring device 10 changes to the left roll direc-
tion (the roll direction in which the left side 1s inclined
downward) (hereinaifter, referred to as a scene where the
change to the left roll 1s detected). In the scene where a
change to the left roll 1s detected, the measurement space
region 1s set so that the position of the bottom surface
becomes higher stepwisely according to the depth in the left
direction (as the depth in the left direction increases) as
exemplified with a measurement space region D6. This
makes 1t possible to prevent erroneous determination of the
ground as an obstacle.

Further, 1n the scene where the change to the left roll 1s
detected, a region corresponding to a right side of the main
body 20 may be also set so that the position of the bottom
surface becomes lower together stepwisely according to the
depth 1n the right direction (the bottom surface becomes
higher stepwisely according to the depth in the left direction)
as exemplified with a measurement space region D7 of FIG.
15B. Thereby, there becomes no detection omission for a
low object on the ground. The height i1s changed stepwisely
in both examples of FIG. 15A and FIG. 15B, but may be
changed continuously as described above.

Furthermore, the scene where the change to the left roll 1s
detected 1s provided also 1n a case where there 1s a level
difference Gs on the ground G as exemplified 1n FIG. 15C.
In such a scene or a scene where the depression GU or a
projection exists, the measurement space region may be
divided into a plurality of pieces 1n the width direction like
partial regions D8/, D8c¢, and D8~ of FIG. 15C so that each
partial region may have a different height. The height of the
bottom surface 1s not changed in the partial region D8c
positioned 1n the center, the bottom surface 1s set to become
higher continuously according to the depth in the left
direction in the partial region D8/ positioned on a leit side,
and the bottom surface 1s set to become lower continuously
according to the depth in the rnight direction in the partial
region D8 positioned on a right side (1t can be also said that
the bottom surface becomes higher continuously according,
to the depth in the left direction). Also 1n this example, 1t 1s
possible to prevent erroneous determination of the ground as
an obstacle and eliminate detection omission for a low
object on the ground. Note that, though the measurement
space region 1s divided into three in total of the center, and
the right and left ends 1n this example, the number of
division 1s not limited thereto and may be two or four or
more. However, when the center 1s provided, at least a height
ol a partial region on the center 1s not changed.

Though the examples of the change of the inclination to
the left roll direction have been taken above, the change to
the right roll direction 1s able to be described by using the
depth to the rnight direction correspondingly in a similar
mannet.

According to the present embodiment, without a compli-
cated configuration or algorithm, simple algorithm makes 1t
possible to prevent erroneous determination of a ground as
an obstacle even when shaking to the roll direction due to an
impact 1s caused or when encountering a concave, a convex,
or a level diflerence on the ground, by changing the mea-
surement space region in front of the distance measuring
device 10 according to the change of the inclination 1n the
roll direction so that the ground 1s diflicult to be detected. By
adopting the measurement space region like 1n the examples
of FIG. 15B and FIG. 15C, a low object on the ground 1s not
missed.

When the height of the position of the bottom surface
when the change of the inclination to the roll direction 1s
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detected 1s set to be high with a certain margin, erroneous
detection of the ground 1s not caused and thus there 1s no
trouble even when the imclination changes to the roll direc-
tion to some extent. In this case, however, there may be a
possibility an object on the ground, height of which 1s low,
1s not able to be detected, either. Accordingly, in order to
avold such a situation, 1t i1s preferable that a degree of
making the position of the bottom surface higher stepwisely
or continuously 1s great as a degree of the change of the
inclination to the roll direction indicated by the detection
result of the inclination detecting portion 18 1s greater. An
example of such setting has been exemplified 1n FIG. 15C.

In the present embodiment as well, it 1s possible to
perform setting so that an upper surtace of the measurement
space region becomes higher according to the depth 1n the
left direction or the right direction with a similar concept as
those of the examples of changing the position of the upper
surface described in the seventh/eighth embodiment. An
example of such setting has been also exemplified 1n FIG.
15C.

In the present embodiment, since a setting change of the
measurement space region 1s executed in the scene where
the change to the left/right roll 1s detected, the similar 1s
executed also when a further change to the left/right roll 1s
caused after the change. However, there 1s also a scene
where the inclination 1s changed to the opposite roll direc-
tion and 1s returned to its original state, and then there 1s no
change in the inclination, such as a case of going out of the
depression Gu of FIG. 15A or FIG. 15B or the level
difference Gs of FIG. 15C. It 1s actually necessary to cope
with such a scene.

Thus, when 1t 1s indicated that the inclination of the
distance measuring device 10 has no change to a direction
causing the change of the position of the bottom surface, the
measurement space region 1s preferably changed so that the
change of the position of the bottom surface according to the
depth 1n the left/right direction of the measurement space
region 1s returned to an original state.

As clear from the description above, processing in the
present embodiment 1s processing independent from the
processing of the seventh to ninth embodiments. Thus, the
obstacle determining apparatus 1 is also able to include only
the function of the present embodiment without including
the functions of the seventh to ninth embodiments. However,
the obstacle determining apparatus 1 1s preferably able to
cope with both processing, and thus preferably includes the
function of the present embodiment with the functions of the
seventh to ninth embodiments.

For example, when the present embodiment and the
seventh embodiment are used together, by executing corre-
sponding processing in the scene where the change to the
forward inclination 1s detected like 1n the seventh embodi-
ment and executing corresponding processing in the scene
where the change to the roll direction 1s detected like 1n the
present embodiment, 1t 1s possible to cope with even a scene
where both of them occur at the same time. For example, in
a scene where a change to the forward inclination and the
right roll direction 1s detected, the bottom surface of the
measurement space region 1s able to be lifted to the upper
direction according to the depth in the forward direction and
lifted to the upper direction according to the depth in the
right direction like in a measurement space region D9
exemplified in FIG. 16.

(Eleventh Embodiment)

An eleventh embodiment of the invention will be
described with reference to FIG. 17A to FIG. 17C. Each of
FIG. 17A and FIG. 17B 1s a cross-sectional view of a plane
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vertical to an advancing direction for illustrating an example
ol a measurement space region of a moving body provided
with an obstacle determining apparatus according to the
present embodiment. FIG. 17C 1s a schematic view 1llus-
trating an example 1n which the measurement space region
of FIG. 17A changes due to a topographic change. Note that,
in the present embodiment, though description for overlap-
ping parts with the seventh embodiment will be basically
omitted, various applications described in the seventh and
other embodiments are able to be applied.

The moving body according to the present embodiment
includes the obstacle determining apparatus 1 like the mov-
ing body 2. The measurement space region used in the
present embodiment has a first region provided at least 1n an
upper part of a near side thereof and a second region which
1s another region (provided to include at least a far side). The
wheel drive control portion controls the driving portion to
stop the moving body 2 when it 1s determined that there 1s
an obstacle i the first region, and controls the driving
portion to slow down the moving body 2 when 1t 1s deter-
mined that there 1s an obstacle in the second region.

A partial region D10a and a partial region D105 exem-
plified in FIG. 17A respectively correspond to the first
region and the second region, and a near side of the first
region may be slightly floated like a partial region D11a and
a partial region D115 exemplified in FIG. 17B.

The measurement space region divided into the first
region and the second region like in the present embodiment
1s able to be applied to the measurement space region D0 of
FIG. 10, the measurement space regions Dal and Dbl of
FIG. 13A and FIG. 13B, or the measurement space region
D5 of FIG. 14. Further, the measurement space region
divided 1nto the first region and the second region like 1n the
present embodiment 1s also able to be applied to the mea-
surement space regions used i1n various scenes where the

change of the inclination 1s detected (the measurement space
regions D1 to D4' of FIG. 11A to FIG. 12B, the measurement

space regions Da2 and Db2 of FIG. 13A and FIG. 13B, the
measurement space regions D6 and D7 of FIG. 15A, FIG.
15B, and FIG. 15C, partial regions D8/, D8c, and D8, or the
like). Of course, 1t 1s able to be used only 1n the scene where
the change of the inclination 1s detected without using 1n the
scene where the change of the inclination 1s not detected.

According to the present embodiment, since the measure-
ment space region 1s divided into the region for performing
determination of slowing down and the region for perform-
ing determination of stopping based on a depth distance, the
moving body 2 does not stop suddenly and 1s able to travel
stably while considering risk by making the determination
for slowing down performed easily. In particular, by slightly
floating the region for performing determining of stopping
as exemplified 1n FIG. 17B, it 1s possible to better avoid a
situation where the moving body 2 suddenly stops when the
gradient of the ground increases like 1in the example of FIG.
13B. In addition, since accuracy is required more in the
example 1n which the measurement space region 1s divided
like 1n the present embodiment, the optical distance mea-
suring device 10 having excellent directivity 1s more prei-
crable as the distance measuring device.

Though the examples in each of which the region 1s
divided into two according to the depth in the forward
direction (measurement distance) have been taken in the
present embodiment, the region may be divided into the
greater number to change a degree of slowing down. The
region may be divided also 1n a roll direction with a similar
concept.
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Further, 1n the present embodiment, 1t may be configured
so that the measurement space region divided into the first
region (region for determination of stopping) and the second
region (region for determination of slowing down) 1s used
from the scene where the change of the inclination 1s not
detected, and when the scene where the change of the
inclination 1s detected is reached, a boundary between the
region for determination of stopping and the region for
determination of slowing down in the measurement space
region 1s changed. For example, 1t may be configured so that
the measurement space region formed by the partial regions
D10a and D105 of FIG. 17A 1s normally used and the
boundary 1s moved 1n the depth direction like in the partial
regions D12a and D124 of FIG. 17C 1n the scene where the
change to the forward inclination 1s detected or the boundary
1s moved so as to lift the region for determination of
stopping like 1n the partial regions D11a and D115 of FIG.
17B. Thereby, it 1s possible to avoid a situation where the
moving body 2 stops immediately, even when the ground 1s
detected as an obstacle 1n the scene where the change to the
forward inclination 1s detected, 1n other words, it 1s possible
to perform setting so that the bottom surface of the mea-
surement space region after the change 1s not lifted so much.
The boundary may be returned to 1ts original state when the
scene where the change to the forward inclination 1s detected
1s canceled.

Though only the scene where the change to the forward
inclination 1s detected according to the seventh embodiment
1s exemplified here, also 1n the scene where the change to the
forward inclination 1s detected in the ninth embodiment, the
scene where the change to the backward inclination 1s
detected, and the scene where the change to the left/right roll
1s detected, usage as the measurement space region before
the detection 1s allowed similarly. Further, the boundary 1s
able to be changed also 1n the measurement space region
alter the change 1n such a scene with a similar concept of
making difficult to stop or another concept.

For example, a similar concept to that of the scene where
the change to the forward inclination 1s detected of the
seventh embodiment 1s able to be applied basically to the
scene where the change to the left/right roll 1s detected in the
tenth embodiment, and an eflect 1s achieved that 1t becomes
difficult to stop due to detection of a remote object in a width
direction. Further, 1n the scene where the change to the
forward inclination 1s detected in the ninth embodiment
(refer to FIG. 13A) and the scene where the change to the
backward inclination 1s detected according to the eighth
embodiment, for example, by using divided regions as the
measurement space region before the detection or by mov-
ing the boundary similarly to the aforementioned examples,
there 1s an eflect that it 1s possible to allow a low object on
the ground to enter only 1n the region for determination of
slowing down early and 1t 1s possible to avoid stopping due
to the object. In the scene where the change to the backward
inclination 1s detected 1n the ninth embodiment (refer to FIG.
13B), by using the far side of the measurement space region
Dbl as the region for determination of slowing down, the
moving body 2 1s only required to slow down without
stopping at a stage of reaching the position of the moving
body 2d. By making the region for determination of slowing
down on the far side of the measurement space region Db2
whose bottom surface i1s lifted narrow oppositely to the
example of FIG. 17C at a state where the moving body 2
reaches the position of the moving body 2e, 1t 1s possible to
make the proximity and height of an object causing the
determination of stopping the same as those at the position
of the moving body 2d.
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Note that, as clear from the description above, processing
in the present embodiment 1s able to be executed as pro-
cessing independent from the processing of the seventh to
tenth embodiments. Thus, the obstacle determining appara-
tus 1 1s also able to include only a function of the present
embodiment without including the functions of the seventh
to tenth embodiments. However, the obstacle determinming,
apparatus 1 1s preferably able to cope with both processing,
and thus preferably includes the function of the present
embodiment with the functions of the seventh to tenth
embodiments.

(Twelith Embodiment)

A twellth embodiment of the invention will be described
with reference to FIG. 18. FIG. 18 1s a schematic view
illustrating an example 1n which the measurement space
region of FIG. 10 changes due to entering an uphill 1n a
moving body including an obstacle determining apparatus
according to the present embodiment. Note that, in the
present embodiment, though description for overlapping
parts with the ninth embodiment will be basically omaitted,
various applications described in the ninth embodiment are
able to be applied.

As described 1n the seventh and other embodiments, when
it 1s indicated as an assumption that inclination of the
distance measuring device 10 has no change to a direction
causing change of a position of a bottom surface, the
measurement space region in the present embodiment 1s
changed so that the change of the position of the bottom
surface according to a depth 1n the forward direction of the
measurement space region 1s returned to an original state.
When a detection result of the inclination detecting portion
18 1ndicates that the inclination of the distance measuring
device 10 1s changed to the forward inclination direction, the
measurement space region in the present embodiment 1s set
so that the position of the bottom surface 1s maintained for
a fixed time period.

The scene which 1s the same as that of the example of
FIG. 13 A will be described with reference to FIG. 18. When
the moving body 2 moves from a position of a moving body
2¢ and reaches a position of a moving body 2/, the change
to the forward inclination 1s detected (that 1s, the scene
where the change to the forward inclination 1s detected 1s
reached). When reaching the scene where the change to the
forward inclination 1s reached, a bottom surface and an
upper surface ol a measurement space region Dcl (which 1s
the same as the measurement space region Dal) are changed
to be lower continuously as the depth 1n the forward direc-
tion increases like 1 a measurement space region Dc2. In
this case, the bottom surface may be made parallel to the
ground similarly to the measurement space region Da2 of
FIG. 13A or may be lowered to a degree at which a slope of
a downhill 1s detected as exemplified 1n FIG. 18. In the
present embodiment as well, 1t 1s preferable that a degree of
changing the position of the bottom surface stepwisely or
continuously 1s set to be great as a degree of the change of
the inclination indicated by the detection result of the
inclination detecting portion 18 1s greater.

After that, even when 1t 1s indicated that the inclination of
the distance measuring device 10 has no change (that 1s,
when having passed through the scene where the change to
the forward inclination 1s detected), the measurement space
region Dc2 1s maintained until a predetermined time period
clapses. Here, an example 1n which the measurement space
region Dc2 1s maintained until the moving body 2 reaches a
position ol a moving body 2i (illustrated as a measurement
space region Dc3) 1s taken. Note that, since the moving body

2 recognizes 1ts vehicle speed, there 1s no problem 1t the
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fixed time period 1s defined as a time period during which a
fixed distance 1s advanced, for example, 1 m or the like.
When the fixed time period has elapsed, though not 1llus-
trated, the measurement space region i1s returned to an
original state so as to be the same as the measurement space
region Dcl (so that the bottom surface becomes parallel to
the slope of the downhill). Though the example 1n which the
moving body 2 enters the downhill from a flat road has been
taken, similar processing may be performed also in another
scene where no change of the inclination 1s seen after the
scene where the change to the forward inclination 1s detected
(for example, such as a scene of entering, from an uphill, an
uphill having a reduced gradient or a scene of entering, from
a downhill, a downhill having an increased gradient).

According to the present embodiment, i1t 1s possible to
intentionally determine the ground as an obstacle in the
scene where the change to the forward inclination 1s detected
to stop (when the measurement space region 1s used as the
region for determination of stopping) or slow down (when
the measurement space region 1s used as the region for
determination of slowing down).

However, the present embodiment 1s preferably applied
with the eleventh embodiment. In this case, 1t 1s possible to
intentionally determine the ground as an obstacle in the
region for determination of slowing down to slow down in
the scene where the change to the forward inclination 1s
detected, that 1s, slow down at a stage where the gradlent of
the ground starts to change downward so that the moving
body 2 travels at a safety speed. This makes 1t possible to
avold a situation of shipping due to sudden stop on the
downhill compared to a case where the measurement space
region of the present embodiment i1s used only 1n the region
for determination of stopping.

Without limitation to the scene where the change to the
forward inclination 1s detected 1n the ninth embodiment and
the example i which the tenth embodiment is applied
thereto, the present embodiment 1s able to be applied simi-
larly also to the scene where the change to the backward
inclination 1s detected in the ninth embodiment and also 1n
the seventh, eighth, and tenth embodiments. In such appli-
cation, however, when the detection result of the inclination
detecting, portlon 18 indicates that the inclination of the
distance measuring device 10 1s changed (the scene where
the change of the inclination 1s detected 1n each example),
the position of the bottom surface is set to be maintained for
a fixed time period. An efli

ect achueved by such application
varies according to the applied example.

For example, 1n the example of FIG. 13B, by using the
measurement space region Dbl as the region for determi-
nation of stopping or slowing down, the moving body 2
stops or slows down at a stage of reaching the position of the
moving body 24. Maintaining the measurement space region
Db2 at a stage of reaching the position of the moving body
2¢ for a fixed time period means that a low object on the
ground 1s not detected i an early stage (from a remote
position) even when such an object 1s present. On the other
hand, at the position of the moving body 2e, the gradient
increases and a vehicle speed decreases so that a time for an
avoilding operation 1ncreases. Thus, by applying the present
embodiment, an efl

ect 1s achieved that a low object on the
ground 1s not required to be detected from a remote position.

In the examples of FIG. 11A and FIG. 11B, by returning
the measurement space regions D1 and D4 to their original
states after maintaining them for a fixed time period, an
ellect 1s achieved that control 1s not switched frequently
even 1n the case of the ground in which concaves like the
depression Gu are present continuously. In the examples of
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FIG. 12A and FIG. 12B, by returning the measurement space
regions D3' and D4' to their original states after maintaining
them for a fixed time period, an eflect 1s achieved that
control 1s not switched frequently even in the case of the
ground 1n which convexes like the projection Go are present
continuously. In the examples of FIG. 15A and the like, by
returning the measurement space region D6 and the like to
their original states after maintaining them for a fixed time
period, an eflect 1s achieved that control 1s not switched
frequently even 1n the case of the ground on which a rut such
as the depression Gu 1s engaged with or gone out from.
(OTHERS)

Though the obstacle determining apparatus and the mov-
ing body according to the invention have been described
above, the 1nvention can take a form as an obstacle deter-
miming method, procedure of which has been described.
This obstacle determining method has an obstacle determin-
ing step of determining, based on a measurement result of a
distance by a distance measuring device which measures a
distance to a measurement object, presence/absence ol an
obstacle 1n a measurement space region in ifront of the
distance measuring device. The measurement space region
1s defined so that a position of a bottom surface of the
measurement space region changes stepwisely or continu-
ously according to a depth in a forward direction and/or a
width direction of the measurement space region. The
obstacle determining method further has an inclination
detecting step of detecting inclination of the distance mea-
suring device by an inclination detecting portion. When a
detection result at the inclination detecting step indicates
that the inclination of the distance measuring device changes
to a forward inclination direction and/or a roll direction, the
measurement space region 1s changed so that the position of
the bottom surface of the measurement space region changes
stepwisely or continuously according to the depth in the
torward direction and/or the width direction of the measure-
ment space region. Other applications are as described for
the obstacle determining apparatus and the moving body,
and description thereotf will be omitted.

The 1nvention claimed 1s:

1. An obstacle determining apparatus comprising a dis-
tance measuring device which measures a distance to a
measurement object, and an obstacle determining portion
which determines presence/absence of an obstacle 1n a
measurement space region in front of the distance measuring
device based on a measurement result of the distance by the
distance measuring device, wherein

the measurement space region 1s defined so that a position

of a bottom surface of the measurement space region
changes stepwisely according to a depth 1 a forward
direction and/or a width direction of the measurement
space region.

2. The obstacle determining apparatus according to claim
1, wherein the measurement space region 1s defined so that
a position of an upper surface of the measurement space
region has a constant height regardless of the depth.

3. The obstacle determining apparatus according to claim
1, wherein only when detecting the obstacle of a predeter-
mined shape that includes at least a part of the bottom
surface of the measurement space region defined 1n advance
and indicates a ground, the obstacle determining portion
changes definition of the measurement space region so that
the position of the bottom surface becomes higher step-
wisely.

4. The obstacle determining apparatus according to claim
1, wherein the measurement space region 1s defined so that
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a position of an upper surface of the measurement space
region becomes higher stepwisely as the depth increases.

5. The obstacle determining apparatus according to claim
4, wherein only when detecting the obstacle of a predeter-
mined shape that includes at least a part of the bottom
surface of the measurement space region defined 1n advance
and indicates a ground, the obstacle determining portion
changes definition of the measurement space region so that
the positions of the bottom surface and the upper surface
become higher stepwisely.

6. The obstacle determining apparatus according to claim
1, further comprising

an 1nclination detecting portion which detects inclination

of the distance measuring device, wherein

when a detection result of the inclination detecting portion

indicates that the inclination of the distance measuring
device 1s changed to a pitch direction and/or a roll
direction, the measurement space region 1s changed so
that the position of the bottom surface of the measure-
ment space region changes stepwisely accordingly to
the depth in the forward direction and/or the width
direction of the measurement space region.

7. The obstacle determining apparatus according to claim
6, wherein when 1t 1s indicated that the inclination of the
distance measuring device has no change to a direction
causing the change of the position of the bottom surface, the
measurement space region 1s changed so that the change of
the position of the bottom surface according to the depth in
the forward direction and/or the width direction of the
measurement space region 1s returned to an original state.

8. The obstacle determining apparatus according to claim
6, wherein when the detection result of the inclination
detecting portion indicates that the inclination of the dis-
tance measuring device 1s changed to a forward inclination
direction, the measurement space region 1s changed so that
the position of the bottom surface becomes higher step-
wisely according to the depth in the forward direction of the
measurement space region.

9. The obstacle determining apparatus according to claim
6, wherein when the detection result of the inclination
detecting portion indicates that the inclination of the dis-
tance measuring device 1s changed to a backward inclination
direction, the measurement space region 1s changed so that
the position of the bottom surface becomes lower stepwisely
according to the depth in the forward direction of the
measurement space region.

10. The obstacle determining apparatus according to
claim 6, wherein when the detection result of the inclination
detecting portion indicates that the inclination of the dis-
tance measuring device 1s changed to a forward inclination
direction, the measurement space region 1s changed so that
the position of the bottom surface becomes lower stepwisely
according to the depth in the forward direction of the
measurement space region.

11. The obstacle determining apparatus according to
claim 7, wherein when the detection result of the inclination
detecting portion indicates that the inclination of the dis-
tance measuring device 1s changed to a forward inclination
direction, the position of the bottom surface of the measure-
ment space region 1s maintained for a fixed time period.

12. The obstacle determining apparatus according to
claim 6, wherein when the detection result of the inclination
detecting portion indicates that the inclination of the dis-
tance measuring device 1s changed to a backward inclination
direction, the measurement space region 1s changed so that
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the position of the bottom surface becomes higher step-
wisely according to the depth in the forward direction of the
measurement space region.

13. The obstacle determining apparatus according to
claim 7, wherein when the detection result of the inclination
detecting portion indicates that the inclination of the dis-
tance measuring device 1s changed to a backward inclination
direction, the position of the bottom surface of the measure-
ment space region 1s maintained for a fixed time period.

14. The obstacle determining apparatus according to
claim 6, wherein when the detection result of the inclination
detecting portion indicates that the inclination of the dis-
tance measuring device 1s changed to a left roll direction or
a right roll direction, the measurement space region 1s
changed so that the position of the bottom surface of the
measurement space region becomes higher stepwisely
according to a depth 1n a left direction or a right direction of
the measurement space region.

15. The obstacle determining apparatus according to
claim 6, wherein as a degree of the change of the inclination
indicated by the detection result of the inclination detecting
portion 1s greater, a degree of changing the position of the
bottom surface stepwisely 1s set to be great.

16. The obstacle determining apparatus according to
claim 1, further comprising

a position detecting device which detects a position of the

distance measuring device and a map information hold-
ing portion, wherein

the measurement space region i1s changed so that the

position of the bottom surface of the measurement
space region changes stepwisely according to the depth
in the forward direction and/or the width direction of
the measurement space region based on current posi-
tion information of the distance measuring device.

17. A moving body comprising an obstacle determining
apparatus, a driving portion, and a drive control portion
which controls the driving portion, wherein

the obstacle determining apparatus comprises a distance

measuring device which measures a distance to a
measurement object, and an obstacle determining por-
tion which determines presence/absence of an obstacle
in a measurement space region in front of the distance
measuring device based on a measurement result of the
distance by the distance measuring device,

the measurement space region 1s defined so that a position

of a bottom surface of the measurement space region
changes stepwisely or continuously according to a
depth 1n a forward direction and/or a width direction of
the measurement space region,

the measurement space region 1s a {irst region provided 1n

at least an upper part on a near side in the measurement
space region and a second region which 1s another
region, and

the drive control portion controls the driving portion to

stop the moving body when i1t 1s determined that there
1s an obstacle 1n the first region, and controls the
driving portion to slow down the moving body when it
1s determined that there 1s an obstacle 1n the second
region.
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18. The moving body according to claim 17, further
comprising

an 1nclination detecting portion which detects inclination

of the distance measuring device, wherein

when a detection result of the inclination detecting portion

indicates that the inclination of the distance measuring
device 1s changed to a pitch direction and/or a roll
direction, the measurement space region 1s changed so
that the position of the bottom surface of the measure-
ment space region changes stepwisely or continuously
according to the depth 1n the forward direction and/or
the width direction of the measurement space region.

19. An obstacle determining method having an obstacle
determining step of determining presence absence of an
obstacle 1n a measurement space region 1n front of a distance
measuring device which measures a distance to a measure-
ment object, based on a measurement result of the distance
from the distance measuring device, wherein

the measurement space region 1s defined so that a position

ol a bottom surface of the measurement space region
changes stepwisely according to a depth i a forward
direction and/or a width direction of the measurement
space region.

20. The obstacle determining method according to claim
19, further comprising

an 1inclination detecting step of detecting inclination of the

distance measuring device, wherein

when a detection result at the inclination detecting step

indicates that the inclination of the distance measuring
device 1s changed to a forward inclination direction
and/or a roll direction, the measurement space region 1s
changed so that the position of the bottom surface of the
measurement space region changes stepwisely accord-
ing to the depth 1n the forward direction and/or the
width direction of the measurement space region.

21. An obstacle determining apparatus comprising a dis-
tance measuring device which radiates measurement light to
a predetermined 1rradiation region and measures a distance
to a measurement object, and an obstacle determining por-
tion which determines presence absence of an obstacle 1n a
measurement space region in front of the distance measuring,
device based on a measurement result of the distance by the
distance measuring device, wherein

the distance measuring device further comprises an 1ncli-

nation detecting portion which detects inclination of the
distance measuring device, and

when a detection result of the inclination detecting portion

indicates that the inclination of the distance measuring
device 1s changed to a pitch direction and/or a roll
direction, the measurement space region 1s changed so
that a position of an bottom surface or an upper surface
of the measurement space region changes in the irra-
diation region of the distance measuring device step-

wisely or continuously according to the depth 1n the
forward direction and/or the width direction of the

measurement space region.
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